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GEEMAN EDITION. 


The great progress which the electrochemistry of organic 
compounds has made in the past few years rendered it desirable 
to rearrange the whole material, and to express by a suitable 
title the extension of the task which the book seeks to fulfil 
The theoretical discussions which form an introduction to 
the experimental part of electrolysis are of a subjective, par- 
tially hypothetical character, that the present state of our 
knowledge of the mechanism of the electrical reaction cannot 
prevent from being otherwise But the given ideas have proved 
trustworthy as aids in directing and arranging my experimental 
work, perhaps they will be equally serviceable to others, not- 
withstanding the possibility and justifiability of divergent 
views 

The object of the work has remained the same in the new 
as in the old form* to give a connected survey of what has 
been done, and to incite to further efforts in investigations 
I desire here to express my thanks to Dr E Goecke who 
helped me in looking over the literature on the subject. 

The second Enghsh edition, corresponding to the present 
German edition, will appear shortly. 

Walther Lob. 


Bonn, April, 1905. 
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TRANSLATORS PREFACE TO SECOND 
AMERICAN EDITION. 


A NEW edition of Doctor Lob^s book on this interesting 
and important subject has become necessary, because of the 
great increase in the past few 3^ears in the quantity of new 
experimental material The author has happily met this 
requirement in his present excellent work on the ^^Electro- 
chemistry of Organic Compounds/^ Doctor Lob has spared 
no pains to bring the subject-matter strictly up to date, and 
has entirely rewritten and rearranged the mateiial so as to 
present it in the best possible form 

Two special chapters have been arranged, devoted to a 
more thorough discussion of the theoretics and methodics of 
organic electrochemistry, and also a chapter on electric en- 
dosmose. The whole of Part II, on electrothermic processes 
and the silent electric discharge, is new. 

Complying with the wish of the author in this as in the 
first translation, the original text has been followed by the 
translator as closely as possible 

It IS hoped that this new edition will meet with the same 
cordial reception accorded the earlier one. 


Springfield, Ohio, October, 1905 
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ELECTROCHEMISTRY 

OF 

OKGANIC COMPOUNDS. 


INTRODUCTION 

CHARACTERISTICS AND CLASSIFICATION OF THE 
SUBJECT-MATTER 

The application of electrical energy for effecting organic 
reactions was tried long ago and in the most various ways. 
The observations^ however, were at first few m number, leading 
pomts of view were lacking, and the results were incoherent 
and often contradictory A defimte start in attackmg the 
many problems which are presented by organic chemistry was 
not made until larger electrical equipments were mtroduced 
into scientific and technical enterprises For about a decade 
organic electrochemistry has been undergoing a qmet but 
steady development 

Electiical energy can be employed directly or mdirectly 
for accomphshing chemical reactions — directly, if the field 
traversed by the cm rent is of an electrolytic nature, indirectly, 
if a transformation of electrical energy into other iorms takes 
place, which — ^for instance, heat or light — can bring about 
chemical phenomena outside of the current field Both utihzable 
forms of electricity are of theoretical and practical importance; 
the former in electrolysis, particularly in reduction, oxidation 
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and substitution reactions, the latter in pyrogenic and photo- 
chemical processes. Another kmd of electrochemical action, 
and one in which the connection between electrical work and 
chemical effect is still hidden in obscurity, is the glow, or silent 
discharge In spite of the few facts known about this form 
of electrical energy, it can be claimed positively that it is of 
fundamental importance in the synthesis of simple organic 
bodies and is, perhaps, a means for explaining the methods 
which living nature employs in building up substances 

A survey of the great number of organic electrochemical 
investigations shows a very unequal distribution of scientific 
labor among the separate parts of the extensive domam The 
electrolytic reactions have been by far most thoroughly investi- 
gated, particularly the reduction processes Oxidation and 
substitution reactions have more rarely been the subject of 
successful researches. 

Pyrogenic decompositions and syntheses of orgamc substances 
produced by the induction spark, the electric are, or highly 
heated conductors of the first class have been numerously 
mentioned. However, we are just beginning to obtam scientific 
results in this line of work It has already been mentioned 
that our knowledge of the action of the glow and convective 
discharge on carbon compounds is extremely insignificant. 

The varied properties of organic bodies explain this unequal 
treatment and the result The reduction of carbon compounds 
occurs usually at certain reducible groups in the molecule with- 
out destroying this latter The whole molecule is usually exposed 
to the action of the electrolytic oxygen. The final product of 
a reduction is closely related chemically to Ihe material started 
out with; the end result of an oxidation is often the complete 
combustion of the molecule. Quite a number of possibilities 
exist between a slight attack by oxygen upon and the complete 
destruction of a compound by oxidation. A realization of 
these, if at all possible, depends upon most painstaking observa- 
tions of fixed experimental conditions, which are often difficult 
to determine Hence oxidation processes are much more com- 
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plicated than reduction processes, and usually less profitable. 
These same points of view also apply to electrolytic substitu- 
tion, which, being an anodic process, is often only with difficulty 
protected from the oxidizing action of the current 

The relatively gieat sensitiveness of most carbon compounds 
to high temperatures confined electrothermic decompositions and 
syntheses of organic bodies to a small area, so long as the heat 
was deiived from the induction spark, or the electric arc. 
Electrical energy has, however, proved itseh a convenient 
medium for investigating the behavior of sensitive substances 
at relatively high temperatures, ever since metallic wires, or 
carbon filaments, have been used as sources of heat which 
can be easily regulated by increasing or decreasing the current 
pressure 

The propel ties of electric energy as well as those of the 
carbon compounds requiie special forms of experiment for 
organic electiochemistry These differ entirely from the puiely 
chemical art of experimentation, i e , pai tially new experi- 
mental methodics are necessary The more it was possible to 
recognize the important points m the course of an electro- 
chenucal process the clearer the viewpoints became regardmg 
the choice of the most smtable conditions for experiment 
The endeavor theoretically to represent and unite the numerous 
observations went hand in hand with the experimental develop- 
ment Theoretical considerations led to new experimental 
conditions and new problems The theory becomes closely 
associated, by certain requirements, not only with the subject 
of the experiment but also with its arrangement. A descrip- 
tion of organic electrochemistry must fully recogmze theory 
and methodics as well as the chemical results 

Depending upon the forms m which electrical energy is 
employed in organic chemistry, we can distinguish three 
processes, electrolytic, electrothermic, and electric-discharge 
reactions. A threefold division into theory, methodics and 
experimental results, hence, naturally follows* for the disposi- 
tion of each of the three resulting chapters 
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It may be remarked, particularly in regard to the description 
of the methods, that only the necessary and important data 
are mentioned here. The author does not intend to give a 
practical guide for malfing experiments Only original investi- 
gations or special text-books ^ can serve such a purpose It is 
the object of the respective descriptions m this book to dis- 
cuss the general principles and to lead the reader to a clear 
understanding and a correct interpretation of the various 
methods. 


^ See, for instance, Oettel, Electrochemical Experiments, 1897 (trans- 
lated by E F Smith), also Oettel, Practical Exercises in Electrochemistry, 
1897 (translated by E F Smith, Phila ), Elbs, Experiments for the Electro- 
lytical Preparation of Chemical Preparations, Halle, 1902 



PART I 

ELECTROLYTIC PROCESSES. 


CHAPTER I. 

THEORETICS, 

1. Foems op Reaction. 

Two possibilities must be distinguished in the electrolysis 
of organic bodies. The carbon compound is either an electro- 
lyte, i.e , a salt, base, or acid, or it is a non-electrolyte 

In the first case the compoimd itself furnishes the ions 
which condition the conductivity. The work of electrolysis 
then consists in the transportation of these ions to the anode 
and cathode, and it is a secondary question whether these 
ions are liberated molecularly or atomically, or whether they 
react with one another, or with the substance stUl present in 
the solution, or with the solvent. 

Of the organic ions the anions are almost exclusively taken 
into consideration, since organic cations, like the organic 
ammonium ions, have been httle investigated as to their 
behavior m electrolysis. The actual liberation of the ions can- 
not be observed, because when deprived of their electrical" 
state they cannot exist On the contrary, the anions often 
react with one another after their discharge Thus either a 
union of several anions occurs or, far oftener, more complicated 
transpositions and decompositions accompany these reactions. 

5 
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An example of the first kind of decomposition is furnished 
by the electrolysis of potassium xanthate ^ 

2 C2H50CSSK=2 C2H50CSS'+2 K" 

2 C 2 H 50 CSS = C 2 H 50 CSS-SSC 0 C 2 H 5 

In this case two amons unite to form xanthic disulphide On 
the other hand, in the electrolysis of sodium acetate, the 
anions are united, but carbomc acid is simultaneously split off. 

2 CH3C00=C2H6+2C02 

The anions of the fatty acids show this behavior to a greater 
or less degree under certam current conditions 

But if the organic compound does not conduct the current, 
other ions must be present for accomplishmg the electrolysis. 
For this purpose usually an inorgamc acid, base, or salt — 
eorrespondmg organic compounds can of course also be used — 
is dissolved in the solution Then, primarily, the passage of 
the current does not at all affect the organic non-electrolyte. 
Only the ions are driven to the electrodes where they can dis- 
charge themselves At the instant, however, when the dis- 
charge occurs, the role of the organic body begins. If it can- 
not react with the discharged ions it remains unchanged, 
and IS not affected by the action of the electrolysis This 
possibility will naturally not be considered in the present 
discussion The fact to be observed is, that the carbon com- 
pound reacts with the discharged ions — it then becomes a 
depolarizer 

Many organic acids, bases, and salts can act as depolarizers 
when ions are discharged which react easily with them For 
example, p-nitrobenzoic acid in alkaline solution is reduced 
smoothly to p-azobenzoic acid The sodium ions which are 
discharged react so rapidly with the nitro-group that the 
nitrobenzoic acid does not behave as an electrolyte but essen- 
tially as a depolarizer, particularly since the ions of the sodium 


‘ Sohall, Ztschr f Elektrocherme 3, 83 (1896) 
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hydroxider solution take care of the conductivity. Organic elec- 
trolytes can also furnish the ions which act upon an organic 
depolarizer Thus, if an acid is electrolyzed m absolute alcohol 
an ester is sometimes formed 

RCOO + C2H5OH = RCOOC2H5 -f OH. 

In this case the alcohol is at the same time a solvent and a 
depolarizer 

We therefore divide the phenomena of electrolysis of carbon 
compounds into two classes Either the organic bodies them- 
selves act as electrolytes — the effect of the electrolysis is the 
discharge and the eventual additional reaction of their 10ns at 
the electrodes (primary reactions) — or they are depolarizers 
(secondary reactions) 

The latter class is by far the larger. It can agam be sub- 
divided into two groups, the cathodic and the anodic depo- 
larizers, It IS very seldom that a body acts simultaneously 
as a cathodic and anodic depolarizer More often a cathodic 
(or anodic) depolarizer, by reactmg with the cations (or amons), 
acquires the faculty of now depolarizmg anodically (or cathod- 
ically) Thus, for example, an easily reducible body may be 
changed by cathodic reduction mto one easily oxidized, ie. 
accessible to the action of the anions. However, it is more 
conducive to clearness to adhere to the division into cathodic 
and anodic depolarizers and to determme the nature of the 
possible reactions 

Cathodic Depolarizers. — Hydrogen and metal ions pass to 
the cathode — ^if we take no account of the small and unimpor- 
tant number of orgamc cations Hydrogen and metals can 
withdraw oxygen, ie deoxidize, and the hydrogen can also 
be added directly to the compound Such bodies that can 
yield oxygen or take up hydrogen, or do both simultaneously, 
are called reductble compounds. They themselves are hence 
oxidizers whose characteristic property it is to destroy positive 
discharges The reaction at the cathode is called reduction. 
Every cathodic depolarizer is reduced by the electrolysis. 
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The reduction of nitrobenzene to nitrosobenzene furnishes 
an example of deoxidation : 


CfiHsNOa +2H = C0H5NO + H2O. 


In the conversion of azobenzene to hydrozobenzene an addition 
of hydrogen takes place' 


CsHsN = NCeHs + 2 H = CsHsNH - NHCsHs. 


A withdrawal of oxygen and addition of hydrogen occurs simul- 
taneously in the reduction of nitrobenzene to phenylhydroxyl- 
amine' 


CeHsNOs + 4 H = CeHsNHOH + H2O 

Anodic Depolarizers. — The conditions are somewhat more 
comphcated at the anode All the anodic depolarizers are 
oxidizable, it is true, even reducing substances which destroy the 
negative charges. But the leaction-picture is more varied at 
the anode than at the cathode — due to the individual variety 
of the anions If the action consists merely in a withdrawal of 
hydrogen and an addition of oxygen, or both, it is called oxi- 
dation. 

Examples of such oxidations are the conversion of hydrazo- 
benzene into azobenzene • 

CeHsNH - NH - CeHs + 0 = CeHsN = NCeHs + HgO, 

the conversion of benzene into hydroquinone by a direct addi- 
tion of oxygen : 


C6H6+20 = C6H4(0H)2, 

the production of nitrobenzoic acid from nitrotoluene by the 
addition of oxygen nnd withdrawal of hydrogen ; 


NO2C6H4CH3 +3 0 = NO2C6H4COOH + H2O 
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Discharged ions, hke the halogens, are also often added directly 
to an organic, unsaturated body An addition occurs, com- 
parable with the addition of hjdrogen at the cathode, 

CH CHBrs 

III 4-4 Br= I , 

CH CHBrs 

or, a substitution takes place, i e an anion — simple or compound 
— replaces an element or group of elements of the depolarizer, — 
e g in the electrolysis of acetone in hydrochloric acid . 

CH3COCH3 4 - 2 Cl = CH2CICOCH3 4 - HCl 

Possibly the anion itself undergoes changes before it acts 
upon the depolarizer, so that the organic compomid can no 
longer be spoken of as a true depolarizer for the anion but 
only for its decomposition products Thus, in the presence 
of a base, the anion CH3COO would behave in such a manner 
that, after it was split up into ethane and carbomc acid, only 
the latter would react with the base However, such a reaction 
can no longer be regarded as an electrochemical one. 

It seems particularly difficult to determine in a simple 
way the nature of an electrolytic reaction where there are 
so many possible ways for a reaction to take place. We shall 
see later on, however, that, by a proper consideration of the sub- 
ject, a definition is obtained. 

Another form of reaction occurs in the electrolysis of organic 
compounds While it cannot be regarded as purely electrical, 
no more so than the preceding one, it appears only in a utihzable 
way among the peculiarities of the electrical method The 
product resulting primarily, or secondarily, can occur first in 
an unstable modification, and can then rapidly undergo further 
changes I shall here only refer to the intermediate formation 
of phenylhydroxylamine in the reduction of nitrobenzene in 
concentrated sulphuric acid, which, as is well known, im- 
mediately rearranges itself into amidophenol: 


C6H5NH0H->C6H40HNH2. 
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Gattermann ^ has shown that the unstable mochfication can be 
isolated by adding benzaldehyde to the original electrolytic 
fluid. The aldehyde reacts more rapidly with the intermediate 
product phenylhydroxylaminc than the sulphuric acid can act 
to effect a molecular rearrangement 

Intermediate phases of electrical oxidation and reduction 
can similarly be isolated by adding to the electrolytes various 
substances which react more rapidly with the phase than the 
oxidation or reduction (regulable by the current conditions) 
can take place. This artifice, utilized by Lob^ and Haber,® 
makes it possible to obtain theoretically important insights into 
the successive and often very transitory conthtions of compli- 
cated processes 

2 Properties of Electrolytic Processes 

The electrolytic method possesses a number of proper- 
ties which markedly distmguish it from all ' other chemical 
methods In the first place the current produces the effect 
which the chemical method can accomplish only through the 
agency of certain materials, such as lead peroxide, chromic 
acid, etc , m the case of oxidations, and zinc, stannous chloride, 
iron, etc , in the presence of acids or alkalies in reductions 
This effect is solely produced by ion-discharges, forces which aie 
ultimately derived from a source of electrical energy, i e. water 
power or coal 

A consumption of energy replaces a consumption of material. 
The economic ratio of these, which is of great practical impor- 
tance, depends upon the factors controlling the prices of material 
and energy. 

In such processes wliich require, even m electrolysis, the 
presence of certain substances endowed with characteristic 
oxidizing and reducing properties as a necessary component in 
the reaction, the actual material consumption is nevertheless 
very inconsiderable. The substances in question, for instance 

^ Ber d deutsch chem* Gesellsch 29, 3040 (1896) 

^ Ztschr. f Elektrochemie 4, 428 (1898) 

3 Ibid , 506 (1898) 
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the metallic salts, need only be present in the electrolyte m 
very triflmg quantity, smce, after accomplishing their purpose 
they are regenerated by the current and can be reused for 
accomplishing mnumerable reactions In this case, also, only 
the question of energy need be considered. 

Moreover, the electrochemical method allows the confimng 
of the reaction to a certam space withm the chemical system. 
The reaction occurs only in the immediate neighborhood of 
the electrode, — thus the reactions of the ions themselves take 
place on the electrode suiface at the mstant of their discharge, 
those of the depolarizers m proportion to the quantity commg 
in contact with the electrode surface, either by diffusion or 
storing The extent of the space m which the reaction occurs 
therefore depends upon the extent of the electrode surface, 
it can be considered as an extremely thin layer w^hich is in 
intimate contact with the electrode In tins layer the reaction 
processes occur in accoi dance with the known laws of reaction 
kmetics, i e their velocity depends upon the concentration of 
the active molecules. These are, however, the ions just dis- 
charged, either alone, when they react with one another, or 
simultaneously with the molecules of the depolarizer The 
concentration of the latter is independent of the electrical 
conditions, but the concentration of the ions is determined by 
the intensity of the current, according to Faraday^s law. 

3. Significance of the Velocity of Reaction 

The electrically feasible reaction conditions are (1) the 
extent of the reaction space and (2) the quantity of reactive 
ions m the latter, i e the concentration of the ions can be 
regulated in a purely electrical way and within the broadest 
limits The highest dilutions can be realized just as well with 
weak currents and large electrode surfaces as the highest con- 
centrations with strong currents and small surfaces That 
most important factor of reaction kinetics, the reaction velocity ^ 
is thus determinatively influenced by these concentrations 
The importance of the reaction velocity is especially fundamen- 
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tal for the course of the reaction; for m the majority of cases 
it IS a case of processes vying with one another, the reaction 
velocities of which determine the preponderance, and hence 
the result, of the one or the other piocess 

The last remark, that competitive reactions occur almost 
always, needs a brief explanation One reaction possibility 
is electrolytically always present — the liberation of the ions 
in a molecular state on the electrode This liberation is a 
reaction which must not be confounded with the discharge 
which precedes it. The discharge takes place in accordance 
with Faraday’s law, and since the discharged ions — they are 
either atoms or “unsaturated ” groups formed by dissociation — 
cannot exist, they react with a certain but unknown velocity 
They thus combine to form molecules or complexes, and the 
stable end-products are liberated in conformity with Faraday’s 
law, the quantity separated being proportional to the discharge. 
But if a depolarizer is present, the discharged ions have the 
opportunity to react with it instead of being set free The 
depolarization reaction also takes place with a certain velocity. 
The two velocities, however, arc decisive for the partitive 
ratio between an ionic libeiation and a reaction with the depo- 
larizer Herein lies the importance of reaction velocities in 
electrolytic processes. 

The question follows' How can we regulate? ad libitum these 
velocities, le usually make the reaction with the depolarizer 
the most predommating one’ Apparently this is only possible 
within the bounds set by the chemical nature of the active 
molecules — ^by a shifting of concentrations in the reaction 
space, which can be regulated on the one hand by the variation 
in the quantity of the depolarizer, and on the other hand by 
the concentration of the discharged ions and the size of the 
reaction space, i.e. the electrode surface. The velocity of 
liberation is also increased by increasing the current strength, 
upon which the prevailing concentration of the discharged 
ions m the unit of time depends, likewise by decreasing the 
electrode surface, which has the same effect as the increase 
in concentration It will therefore be the experimental problem 
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to choose the current stiength, electrode dimension, and depo- 
larizer quantity in such a manner as to produce the desired 
effect. 

The ratio of the current strength to the electrode surface is 
called current density. This latter and the quantity of the 
depolarizer therefore are decisive factors in electrolysis 

4 Rk^ction Velocity and Specific Effect of 
Reducing and Oxidizing Agents. 

These conditions can only give an insight into the quanti- 
tative course of an electrolysis The qualitative course of the 
reaction is conditioned by the chemical forces of affinity specific 
of the single elements or compounds and characteristic of the 
reacting masses 

In the majority of the electrolyses of orgamc bodies the 
circumstances are very much simplified by the fact that it 
is only a question of two different forms o^ reaction, viz reduc- 
tion and oxidation The himts within which a reduction can 
take place at all are already given in the case of a cathodic 
depolarizer by its nature, no matter which reducing agent 
is employed. For mstance, only nitrosobenzene, phenylhy- 
droxylamine and aniline need be considered in the reduction 
of nitrobenzene, and the chemical nature of the reducing ions 
cannot enlarge these boundaries Since the single i;*eduction 
phases are quantitatively related to one another, the one follow- 
ing being alw^'ays the direct reduction product of the preceding 
one, and since the obtainable phase depends solely upon the 
more or less strong reduction, the special efficacy of the various 
reducing agents presents itself as a quantitative order which 
can be repeated at will. The individual properties of the 
reducing agencies become mutually comparable m a quantitative 
way. For instance, if nitrobenzene is reduced to amline with 
copper and sodium hydrate, but, using zinc and sodium hydrate 
solution, only to azobenzene, the specific action of the copper 
and zmc is shown qualitatively, but the quantitative connection 
exists also at the same time that copper is a stronger reducing 
agent than zinc, i e a qualitatively equal agent. 
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The effects producible by choosing a suitable reducing 
agent can also be obtained electrically. The important prob- 
lem arising in electrolysis is to convert the quahtative iihenora- 
ena into quantitative ones, and to find a unifoim measure for 
the changing effects Naturally, the above applies in like 
manner to an oxidizing agent 

As we have already seen, the current density is the regu- 
lator of the electrically obtainable concentration conditions 
for the discharged ions, and thereby becomes codeterminative 
of the velocity of reaction The obtainable phase of an oxi- 
dation or reduction is intimately related to the velocity of 
reaction, for as soon as the reaction velocity of the hbciation 
of reducing or oxidizing ions greatly exceeds the reduction 
or oxidation velocity with the depolarizer, the reduction or 
oxidation stops Thus the obtainable pliase, le. the quality 
of the reaction, occurs also as a function of the reaction 
velocity 

5. Electrode Potential and Reaction Mechanism 

The question touched upon above can be more fully defined 
as follows' Do we know of a factor which includes both the 
concentration conditions at the electrodes — the functions of the 
current density and depolarizer concentration — and also takes 
into consideration the individual character of the active masses,^ 
le. the ions of the depolarizer? The answi'r is aliirmativo. 
All these influences are contained in the electrode potential. 

This claim becomes intelligible if we consider more care- 
fully the nature of the electrode material It is nec('s.sary to 
choose a certain theory among the vaiious ones which have 
been proposed — ^with more or less justification — on the electrical 
mechanism of reaction. I select that one which seems to me 
to have the best foundation. The fundamental idea of this 
theory has been derived from Tafel.^ Its general usefulness 


^ The nature and the efficacy of the electrode metal axe. included m the 
term of “active masses”, the ions This will be shown below. 

* Ztschi f phys. Chemie 34, 199 (1900). 
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have explained in conjunction with R W Moore. The 
whole idea will be here predicated and developed 

Without laying too much stress upon the most modern 
view, that of regarding electricity atomically by means of the 
idea of electrons, all known phenomena justify us in deahng 
with positive and negative electrical quantities as vuth chemic- 
ally active masses, and applying to them the principles of reac- 
tion kinetics. 

The ions are accordingly chemical compounds, so to speak, 
of atoms and electrons 

The process in an electrolysis is the foUowmg. The ions 
migrate to the electrodes, the cations to the cathode and the 
anions to the anode This takes place as soon as they come 
within such proxiimty of the electrodes that a neutrahzation 
of the electricity can occur. We are justified in assummg that 
this phenomenon takes place on the border hne between the 
metal and the solution in such a maimer that the ions touch the 
electrode, strike against it, but without being on the electrode, 
the discharge of the ions will occur in an extremely thin layer 
immediately above the surface of the electrode. In the case 
of elementary ions, this discharging process yields free ele- 
mentary atoms of great affimty, complex ions give very react- 
ive groups which are unsaturated and possess “free” val- 
ences, and hence are very prone to react further. 

The supposition of such a discharge which precedes, the 
deposition is not arbitrary, but necessary The supposition 
that the discharge does not take place on the electrodes but at 
the latter, seems at first somewhat arbitrary. However, the 
behavior of attackable cathodes proves conclusively that 
the discharge cannot occur on the electrode We also arrive 
at formula which conform to the observations, if we suppose 
that the discharged but not yet hberated ions obey the laws 
of osmotic pressure, ie. the laws governing gases. This fact 
seems clear, and agrees with our knowledge of the matter, 
if the discharged ions are in a hqmd layer, no matter how thin 


^ Ztschr f phys Chesmie 47, 418 (1904) 
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this may be It is very difficult to understand, if the ions 
discharge themselves upon the metal surface We would 
then be comiielled to assume that the solution of any atoms 
in sohd metals obeyed the laws of gases, an assumption which 
is very improbable and leads, especially in anodic phenomena, 
to impossible consequences. 

The gist of this view is the strict division of the electrode 
process into the lomc discharge, by which the ions aie trans- 
ferred into the atomistic or unsaturated (very reactable) state, 
and into the molecular separation of the discharged ions This 
second process takes place with a certain velocity the true 
value of which is unknoivn to us It is in general so rapid that 
discharge and separation appear to us to occur simultaneously. 
The discharge takes place according to Faraday’s law; likewise 
the separation, after a stationary equihbriuni prevails between 
the discharged ions, the atoms or unsaturated groups, and 
the separation products. 

We can write the first process as a cathodic reaction: 

2K=^2K+2e, 

the second as 

2K=K2, 


whereby the second equation may be perhaps reversible, ns 
above mentioned. Accordingly, apparent divergences from 
Faraday’s laws may occur at the beginning of the electrolysis 
If we also assume the first equation as reversible, the partici- 
pation of the electrolytic osmotic pressure would follow from 
simple reaction-kinetic considerations. 

The second equation is of more interest here. It takes 
place evidently with a finite velocity so that other velocities 
can compete with it. This last is afforded by the reaction of 
the discharged ions with the depolarizer When this velocity 
is far the most important one a separation of ions cannot be 
observed, as is the case with many oxidations and reductions. 

Chemical work, with which a certain amount of heat and 
external work (increase in volume, overcoming pressure) is 
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often associated; is done at the electrodes. The total work 
in electrol3’sis is supplied from the electric energ}^; i.e from 
the product of potential and the quantit}" of electricity. 
The quantity of electricit}’' necessary for the discharge of a 
gram-equivalent of ions is alwa^^s the same, a conclusion 
dra^vn from Faraday's lavrs Therefore the total work accom- 
plished a gram-equivalent of ions, i e the sum of chemical 
work; external work and possibh^ liberated heat, must be pro- 
portional to the electrode potential If the electrode process 
consists only of a chemical reaction, m a change of the internal 
energ}^ of the reacting system, the potential must consequently 
be determinative for the value of the work of this change 
It IS, of course, an entirely different question as to what 
chemical products are formed. The chemically individual 
character of the reacting bodies comes into play here, the 
known fact that the end-product of a reaction — independent 
of the value of the energy change taking place — is chemically 
always more or less related to the materials started out with 
The sequence of these considerations is that equal potentials 
can produce only like dynamic effects 

If the potential is expressed by the Nernst formula. 


E== 


RT 

J 



in which Ci is the concentration of the discharged ions which, 
obejTng the laws of gases, seek to re-enter the electrolyte with 
a certain pressure — the electrolytic osmotic pressure — and C2 
is the concentration of the ions in the electrolyte, it is very 
evident that the potential must contain, apart from the lomc 
concentration of the electrolyte, all influences which determine 
the concentration of the discharged ions (ci) These influences 
are, primarily, the current density whose size regulates the 
number of the ions discharged in a unit of time at a given 
electrode surface, hence regulating its concentration, second- 
arily, the reactions of the 10ns with one another and with the 
depolarizer For variations m the concentration of the value 
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Cl occur through both processes and, since the velocity of the 
reaction of the discharged ions with the depolarizer also de- 
pends upon its chemical nature and concentration, these two 
last-mentioned factors are also embraced by the potential 

A more thorough knowledge of these relations is gained by a 
consideration of the typical electrode processes. 

6 Electrode Processes. 

A. Cathodic Processes. 

a Unattackable and Attackable Cathodes 

In organic chemistry only those cathode processes are of 
importance which occur with the reduction of an organic 
depolarizer This reduction is done by the ions dischaiged at 
the cathode. The chemical nature of these ions can be very 
variable and, conjointly therewith, the reduction can occur in 
a variable mannei 

In acid solution — assuming the depolarizei to be a non- 
electrolyte — hydrogen ions will occur, and in alkaline solutions 
alkah ions, and by making suitable additions any desired kind 
of ions can be brought into action at the cathode; thus any 
metal ions may be set free The metal ions are either added 
directly to the electrolyte in the form of a metidhc salt or 
hydroxide, or they are derived from the cathode metal itself, 
in case the cathode is ‘ ' attackable ”, and pass from this into 
the electrolyte. 

The various reduction processes can be brought about simjily 
if the cathode metal ,is primarily considered and a distiiu'- 
tion is made between attackable and unattackable cathodes 
The former are such as give no active ions in the presence of 
the respective electrolyte and depolarizer, so that only the 
cations of the electrolyte can be shown to be discharged by the 
current Attackable cathodes are those which send traceable 
quantities of ions into the electrolyte during the passage of the 
current, or in its absence Naturally, only those attackable 
cathodes which can yield reducing ions are of interest here. 

Since some investigators seen to believe that every reduc- 



THEORETICS 


19 


tion must be referred to the action of hydrogen, let it be emphat- 
ically pomted out here that, besides many chemical phenomena, 
the fact that it is immaterial whether the i eduction is made 
at an attackable cathode or by the addition of the ions of this 
cathode metal to the electrolyte at an unattackable electrode 
proves the reducmg capacity of the metal. In both cases 
siTmlflT results are obtained. But if ions of attackable metals 
are added, this metal is not deposited on an miattackable 
electrode so long as sufficient quantities of the depolarizer are 
present and the velocity of depolarization sufficiently outweighs 
the velocity of discharge Although the cathode metal, say 
platmum, always remains the same, an effect occurs neverthe- 
less, similar to that which would be obtamed at a cathode 
composed of the attackable metal in the electrolyte The 
conclusion follows necessarily that these metal ions m the 
electrolyte, and not the hydrogen atoms, determine the reducmg 
action by their separation on or m the electrode 

We can hence consider conjomtly the case of attackable 
electrodes with that of the presence of metal ions m the 
electrolyte at unattackable electrodes, and contrast this with the 
reduction by hydrogen at unattackable electrodes 

For the latter we wiU suppose that the hydrogen atoms 
discharge themselves in the cathode boundary surface, and 
that these discharged ions have two reaction possibilities at their 
disposal They are either separated’ molecularly on the cathode, 
or they reduce the depolarizer The reduction velocities of both 
processes are determinative for the ratio of division If the 
reduction takes place far more quickly than the formation 
of hydrogen molecules, practically no hydrogen wiU be evolved 
The velocity of hydrogen formation is hence of importance in 
the utilization of the current action for reduction It depends 
to a great degree upon the chemical nature and surface condi- 
tion of the cathode, and is very likely related to the catalytic 
nature of the metal. These phenomena will be considered 
conjointly under the discussion on “excess potential.” 

Ions are sent off from attackable cathodes immediately into 
the electrolyte, so that the relations in the latter are qualita- 
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Cl occur through both processes and, since the velocity of the 
reaction of the discharged ions with the depolarizer also de- 
pends upon its chemical nature and concentration, these two 
last-mentioned factors are also embraced by the potential 
A more thorough knowledge of these relations is gamed by a 
consideration of the typical electrode processes. 

6 Electrode Processes. 

A. Cathodic Processes. 

a Unattackabh and Attackable Cathodes 
In organic chemistry only those cathode processes are of 
importance which occur with the reduction of an organic 
depolarizer. This reduction is done by the ions discharged at 
the cathode The chemical nature of these ions can be very 
variable and, conjointly therewith, the reduction can occur in 
a variable manner 

In acid solution — assuinmg the depolarizer to be a non- 
electrolyte— hydrogen ions will occur, and in alkaline .solutions 
alkah ions, and by making suitable additions any dnsirod kind 
of ions can be brought into action at the cathode, thus any 
metal ions may be set free The metal ions are either added 
directly to the electrolyte in the form of a metallic .salt or 
hydroxide, or they are derived from the cathode medal itself, 
in case the cathode is “attackable”, and pass from this into 
the electrolyte. 

The various reduction processes can bo brought about simply 
if the cathode metal , is primarily considered and a distinc- 
tion is made between attackable and unattackabl(> cathodes. 
The former are such as give no active ions in the j)i(>s('nc(> of 
the respective electrolyte and depolarizer, so that only the 
cations of the electrolyte can be shown to be drschargetl by the 
current Attackable cathodes are those which send traoi'abh' 
quantities of ions into the electrolyte during the pas.sage of the 
current, or in its absence. Naturally, only those attackable 
cathodes which can yield reducing ions are of interest here. 

Since some investigators seen to believe that every reduc- 
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tion must be referred to the action of hydrogen, let it be emphat- 
ically pomted out here that, besides many chemical phenomena, 
the fact that it is immaterial whether the reduction is made 
at an attackable cathode or by the addition of the ions of this 
cathode metal to the electrolyte at an unattackable electrode 
proves the reducing capacity of the metal. In both cases 
similar results are obtained. But if ions of attackable metals 
are added, this metal is not deposited on an unattackable 
electrode so long as sufficient quantities of the depolarizer are 
present and the velocity of depolarization sufficiently outweighs 
the velocity of discharge Although the cathode metal, say 
platinum, always remams the same, an effect occurs neverthe- 
less, similar to that which would be obtained at a cathode 
composed of the attackable metal in the electrolyte The 
conclusion follows necessarily that these metal ions m the 
electrolyte, and not the hydrogen atoms, determine the reducing 
action by their separation on or in the electrode 

We can hence consider conjointly the case of attackable 
electrodes with that of the presence of metal ions in the 
electrolyte at unattackable electrodes, and contrast this with the 
reduction by hydrogen at unattackable electrodes. 

For the latter we will suppose that the hydrogen atoms 
discharge themselves in the cathode boundary surface, and 
that these discharged ions have two reaction possibilities at their 
disposal They are either separated molecularly on the cathode, 
or they reduce the depolarizer The reduction velocities of both 
processes are determinative for the ratio of division. If the 
reduction takes place far more quickly than the formation 
of hydrogen molecules, practically no hydrogen will be evolved 
The velocity of hydrogen formation is hence of importance in 
the utilization of the current action for reduction. It depends 
to a great degree upon the chemical nature and surface condi- 
tion of the cathode, and is very likely related to the catalytic 
nature of the metal. These phenomena will be considered 
conjointly under the discussion on excess potential ” 

Ions are sent off from attackable cathodes immediately into 
the electrolyte, so that the relations m the latter are qualita- 
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tively the same as when metal ions are added directly to the 
electrolyte. The metal employed as cathode is hence imuiatenal 
for the effect so far as it has not actually reacted with the elec- 
trolyte, and can often be replaced by an unattackablc cathode. 

Under these conditions the metal ions play the role of 
hydrogen atoms, as above explained They discharge them- 
selves in the cathode boundary surface and, depending upon 
their reaction velocities, affect the reduction of the depolaiizer 
and the metallic deposition With a great reduction velocity, 
therefore, no metal whatever is deposited on the cathode so long 
as sufficient quantities of the depolarizer are present.^ 

An important result of these considerations, and one whicli 
confirms the observations, is the knowledge obtained that all ionx, 
which reduce when discharged, are again converted by this reduction 
performance into the ionic state and are not at alt separated. 

b. Excess Potential and the Reduction Action. 

Although the evolution of hydrogen by galvanic action at 
platinized platinum electrodes is a well-nigh reversible phenom- 
enon, it proves irreversible at all other cathodes. 

To convert, in a given electrol^e, a gram-equivalent of 
hydrogen from the iomc into the molecular state at atmospheric 
pressure, the same amount of work, which is, of course, dc'pen- 
dent upon the beginmng and end condition, is always recpiired. 
But the electrical work is different at different electrodes and, 
since the same quantity of electricity is combined with a gram- 
equivalent of hydrogen, the potential of hyilrogen evolution i.s 
different with the individual metals. Naturally, with the 
equality of the initial and final state the surplus of the electrical 
work performed must be compensated by an equivalent gain 
in work Calorific phenomena probably accompany the in- 
crease in required work necessary for the hyilrogen evolution; 
the results of experimental work on this subject, however, are 
not yet at our disposal. Excess potential is the excess of the 
discharge potential of hy drogen over the potential value of a 

* D R P 117007 (1900) of 0 F Boehnnger u. S6hne; LOb and Moore, 
Ztschr f phys Chemie 47, 418 (1904) 
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hydrogen electrode in the corresponding electrolyte. The 
quantity of heat produced by the excess potential can be very 
considerable. If we designate the absolute potential of the 
reversible hydrogen evolution by a, and the value of the excess 
potential by e, then the electrical work in the separation of a 
gram-equivalent of gaseous hydrogen in the first case is 

A = 96540a; 

and m the second 

^i=96540(a+6). 

Smce the total work m both cases must be equal, there results, 
if, as assumed, a production of a quantity of heat q occurs, the 
equation 

96540a = 96540 (a -f e) — g, 
or 

g== 965406 

For mercury e is = 0 78 volt, from which g= 18026 cal. results 

[96540 coul Xl volt = 23110 cal ] 

According to Caspari,^ these excess potentials have the 
following values with individual metals: 


At platinized platinum. 

0.005 

“ bright platinum 

0 09 

“ nickel 

. 0.21 

“ copper . 

. 0 23 

“ tin . 

0.53 

“ lead 

. 0 64 

' ' zinc. 

. 0 70 

“ mercury . . 

. 0 78 


Nernst, who introduced the conception of excess potential into 
the science of electrochemistry, accepts as the cause of these 
phenomena the varying solubility of hydrogen in the metals. 


^ Ztschr f phys Chem 30, 89 (1899) 
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Since the energy of reduction depends chiefly upon the height 
of the cathode potential, the higher the excess potential is th(> 
stronger the former must be, so long as hj’-drogen is the reduc- 
mg agent 

A gieat number of facts agree ^ with this conception. 'The 
assumptions regarding the electrical reduction meehanisin, 
according to which the discharge of hydrogen ions must be 
distinctly distingiushed from their molecular separation, lead 
to the same conclusions The reaction velocity of niolc'euhir 
formation from the discharged hj'-drogen ions is loweied at 
metals with excess potential, so that the division between 
molecular formation and reduction of the polarizei turns in 
favor of the latter This retardation of hydrogen evolution 
is shown in the higher potential, in the excess voltage W'llh 
a high excess voltage m the discharging space stronger con- 
centrations of discharged reactive hydrogen ions can accu- 
mulate, so that the reduction of boches reducible witli diffi- 
culty, which does not occur at platinized platinum electrode's, 
succeeds at zinc or mercury cathodes. 

Since m the fundamental views a separation of hydrogen 
in or upon the cathode does not enter into tlie question, the 
close connection of this separation with the solubility of hydro- 
ogen in the metals cannot be conceived In this ease it i.s 
more plausible to think of the reaction being catalytieally 
influenced by the metal. Accordingly, the platinized piatimiiii 
would be the metal which would most strongly accelerate the 
reaction 

2ff=F2.2 

The higher the excess potential the smaller the catalytic accel- 
eration of the reaction, and hence the stronger the concurrent 
reduction. 


’S Tafel Ztschr f phys Chem 34,237 (1900); Loh, ZtHchrT'Kk>ktr<Z 
(19^)^ Coehn, Ztschr f Elektroclionae 0, 042 

“ E. Muller gives a similar explanation, but does not mention the catalytic 
action, which is here particularly emphasized Ztschr f anorg Cliem ‘se, 

1 ^ 



THEORETICS 


23 


The idea of excess potential is useful in applying the process 
of separating a certain kind of ions at unattackable cathodes 
For reduction it has up to the present only been proved for 
hydrogen; it is nevertheless possible that the separation poten- 
tial of every ion changes with the nature of the electrode, 
since the opportunity for the reaction of discharged ions being 
catalytically influenced to form stable molecules is always 
present. E Muller ^ and Coehn ^ have shown that the excess 
potential phenomenon also occurs in anodic processes 

The generally disseminated idea, however, that the excess 
potential of hydrogen also plays a part in the case of attackable 
cathodes is untenable. With metals which furnish reducing 
ions — and each cation is capable of reducing — hydrogen does 
not take part, or at least plays only a secondary r61e. The 
specific reducing actions of copper, zinc, tin, and lead cathodes 
are not to be explained by the excess potential of hydrogen. 
Since attackability is also a function of the electrolyte, the 
rule of excess voltage may be apphcable in one case and not 
in another. For example, Tafel ^ could explain the strong 
reducing action of a lead cathode in sulphuric-acid solution 
by the high excess potential of the lead, while the same metal 
is attackable in alkahne electrolytes and yields reducing ions, 
whereby the hydrogen action seems excluded ^ 

c Concerning Substances Reducible with Difficulty 

Besides the discussion on the strong depolarizers thus far 
considered, it will be well to make a few special remarks on 
substances reducible with difficulty The insight into the theo- 
retical relations here existing has not yet been cleared up, and 
IS much more difficult than in the case of the substances which 
consume practically all the cations which are discharged. 
However, it is not at all necessary to add special views to 
those already generally developed. They suffice for the present 

^ Jahrb f Elektrochemie VIII, 292, Ztschr f anorg Chem 26, 1 (190,1) 

^ Ztschr f Elektrochemie 9, 642 (1903) 

2 Ztschr f phys Chemie 34, 199 (1900) 

^Cf Lob and Moore, Ztschr. f phys Chem 46, 427 (1904) 
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of caffeaio, tlio poteutiiil is finally caused t(» drop (I)y .''Uoiip;(>r 
depolarizing effects). This plienomenon occurs at lead hut not, 
at mercury cathodes (Nauniami) In the latter case' only the 
deiKilarizing action of caffeine is .shown; this is pi'rltaps depisi- 
ent upon the different surface conditions of leail aiul mercury. 

The catholic potential is dctormini'd on the one luuul iiy 
the electrolytic osmotic pressure of the cathode, i e., h\- the 
quantity of hydrogen which is evolved elcctrolytically at unat- 
tackablc cathodes in the unit of time With tliis hydrogen, th(‘ 
ions discharged in the boundary layer, which unite to form 
molecular hydrogen, are in eiiuilihrium. d’liis electrolytic" 
osmotic pressure is, thereiore, independent of tlu' iiuantity of 
hydiogen used by the dejiolanzer. lloreo\(‘r, the potential is 
determined by the concentration of the hydrogi'ii ions in thi" 
electrolyte, which concentration can he taki'ii as constant 
when strong acids arc used. 

The conclusions (likewise found by Naumann) to be drawn 
from these considerations^ are the following’ At nii'rcury 
cathodes, w’hose excess potential is not influenced by the 
caffeine, the cathode potential must so adjust itself at every 
moment during the reduction as if only the electrolytic I'volu- 
tion of hydrogen occurred and the current consumed in thi" 
reduction of the caffeine did not influence its height. At lead 
electrodes, however, the cathode potentials are always some- 
what higher during the reduction than in the .same electro- 
lytic hydrogen evolution in the pure aidd, sincii the increase in 
excess potential cau.sed by the caeffeino is adiled to it. 

It is evident — ^from a considiiration of these variously po.s- 
sible influences, .such as the change in the exce.ss potential 
caused by the depolarizer, the catalytic action of the metal 
upon the velocity both of the molecular formation of hydrogen 
and the reaction between hydrogen and the depolarizer — that 
the value of the cathode potential is conditioneil by a series of 


‘ Naitmaim, in his dissertation, gives another deduction which, hnwei'cr, 
contains the hypothesis that the hydrogen formation and tlie reduction reac- 
tions are of the same order. 
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moments which can be independent of one another. Hence 
the reduction effect can vary even with equal potentials at 
different electrodes, which is true, for example, with caffeine 
at lead and mercury cathodes ^ 

B. Anodic Processes, 

A theoretical insight into this part of the electrolysis of 
organic compounds is much less clear than in the case of cathodic 
processes 

The pure action of oxygen is in every way comparable with 
that of hydrogen Only a greater variety is here possible, 
because ozone as well as oxygen can be formed. At platinum 
electrodes, for instance, the formation of oxygen OQCurs at 1 08 
volts as measured with a hydiogen electrode at zero value, 
and that of ozone at 1 67 volts. Moreover, the great suscepti- 
bility of the carbon compounds towards oxygen, as already 
alluded to, which may easily lead to their complete destruction, 
and the great number of oxidation phases to which each molecule 
may in a greater or less degree be subject, render difficult an 
insight into the electrical oxygen actions 

It has already been mentioned that the excess potential 
phenomenon occurs also with the oxidation phenomena Thus 
it is possible to con.vert p-nitrotoluene into p-nitrobenzoic acid 
at lead-peroxide anodes, while at platinum anodes only the 
alcohol IS formed. It still seems inexplicable how this peculiar 
action of the anode material takes place The simplest yet 
sufficient explanation is to assume that the anode is capable of 
influencing catalytically the oxidation process as well as the 
formation of molecular oxygen If the first process is acceler- 
ated and the second retarded, we obtam the excess potential 
by which the evolution of oxygen occurs only at a higher 
potential. Inversely, the oxygen and ozone formation can be 
made reversible, and the oxidizing action decreased. 

A further complicating moment in electrolytic oxidations, 
as opposed to reductions, is the variety of possible ionic actions. 


* Tafel and Schnaitz, Ztschr f Elektrochemie 8, 281 (1902) 
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Whilo the procewa at the cathode ahvaya ends finally in with- 
f Irawal of oxygen or in taking up of hy<lrogeu, the numlier of 
^jossible reactions at the anode — aside fioiu solution-’phenomeiia, 
■which arc witliout interest here— is a much gnaUer one. for, 
each ion which is capable of substituting can puss into i!k' 
reactive state* at the anode and produce reactions winch 
■cannot be numbered with the nail oxidations. In iIk* first 
place numerous substitutions can occui iii difficultly oxidizable 
bodies, especially aronuitic compounds, for instance the chlori- 
nation of phenols and phthalems, nitration of acids, diazotizing 
f)f amines, etc Substitution and oxidation procc'.-^es often 
(Occur simultaneously, as in the electrolytic formation of iodo- 
form from alcohol 

A great many more individual \arieti('s of reaction'' must 
be taken into consideiation in anodic ptoccsscs. However, 
the .same fundamental law holds good foi each of tlx* separate 
possible processes as with the reductions, m that the (‘iiergy 
of the action of the anion is di'termined liy the anode potential. 

I’hus O. Dony Ilenault,* carefully obserMug limiti'd anode 
potentials in tlu' oleetrical oxidation of the alcohol, could 
obtain acetaldehyde or acclie acid at wdll. 

llie reason for the promineiici' of reduction jiroeesH's us 
apposed to the less prominent ek'clrical oxidations has already 
been given. Besides thi! comph'xily of the phenoiiu'iia, it 
must be taken into consideration that the oxygen d'olved at 
platinum anodes has a low potential. The action of an o-xi- 
oiizt'r dofxmds upon the oxidation potential with which tlie 
oxygen attacks the depolarizi'r. Kven though the oxidation 
potential can, within cc’rtain limits, be varied by the anode 
potential, for instance by the nmterial of the anode, it nevor- 
ihele&s does not attain the value of the strong chemical oxi- 
*iizers, as for example chromic acid or ]x‘rmanganic acid. 
Tliis follows from the small activity of eh'ct roly tic oxygen in 
I'^ard to separate bodies. 

Since it is not possible always to obtain the entirely indi- 
‘ Ztschr. f. Elektroohemie.6, 633 (1900) 
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vidual action of these two bodies on organic compounds with 
the aid of electrolytically evolved oxygen, it seemed advisable 
to use the chemical oxidizers, which have already been men- 
tioned, in the electrolytic cell. This was done by employing 
the electrical process only for the regeneration of the chromic or 
permangamc acids which, as such, oxidize organic bodies in 
a purely chemical way, being themselves converted thereby 
into lower stages of oxidation The advantage of such a method 
lies m a saving of both the oxidizing acids, because, on account 
of the regeneration to their highest state of oxidation, very 
small quantities suffice to oxidize unlimited quantities of organic 
bodies This oxidation process is hence both a secondary and 
a chemical one Nevertheless, it possesses the essential feat- 
ures of an electrochemical process, the substance being replaced 
by the energy 

Attackable anodes, which are brought into solution by 
the anions of the electrolyte, are of no value, or only of a wholly 
secondary one, in the electrolysis of organic compounds But 
in such cases where, by reason of the attackability, oxidizing 
substances are formed on the anode, the latter can assume the 
functions of an oxygen carrier Thus, if a lead anode is super- 
ficially coated with lead peroxide, this latter effects the oxida- 
tion, being in turn reduced but always regenerated by the 
current But if a lead-peroxide anode, prepared in this man- 
ner, acts merely by means of its excess potential for the dis- 
charged oxygen, without reacting directly with the depolarizer, 
it naturally exercises only the functions of an unattackable 
anode 

Finally may be mentioned the purely catalytic action of 
the electrodes upon the reaction products produced by the 
electrolysis, a sphere of phenomena which lies outside the 
purely electrical relations This is the case, for instance, 
in the decomposition of hydrogen peroxide by electrical 
oxidation at platinum anodes into water and oxygen But 
even the electrical conditions can be modified by such reac- 
tipns, if changes in the concentration relations of the pre- 
dominating ions are combined with them. 
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7. TtIROHY of T!IK KiO'V(T10N VFOX'ITV in lO.i.OTKOl.V no 

I’hockssks. 

The ease witli Yhicli tin* rcuclion (‘ojMluion.s can 1 m' ci n- 
trolk'd makes ek'ct roly tic ])rocesses especially atlapted i‘i r 
studying tin' laws of reaction, jiartieularly tliiNC of reaelmn 
velocities The tlependmice of the uaicting agents U[(on the 
current strength, according to Faratla\'s laws, makes it pos- 
sible to vary ad hhttum th(' U'lnjioral total couim* of a reaction 
within wide limits — a possibility whicli m purel\ chemical 
operations, by changing the conditions of pressure and tempera- 
ture, exists to a far less extent. 

Attempts ha\(' not biam lacking to regard eli'ctrieal proc- 
esses from a reaction-kinetic point of \iew, and to use them 
directly for determining reaction velocitii's. j’hen though 
these exiienments are base<l naturally upon single simple 
examples — mostly reduction experiments— thi'ir tiuaireuieal 
results have, especially for physicochemical sjH>cu!atioiis of 
organic reactions, such geiu'ral ilnportaiu’e that the I'casoning 
involved in the most important theories will brieJly I>e out- 
lined liercn 


a. The Diffmim Theory. 

Since, according to the preceding descriptions, tin* leac- 
tioii space of electrolytic processes consists of an extremely 
thin layer in contact with tlu* electrode — the contact surface 
of electrolyte and tdectrode — thes(> process(>H can generally be 
regarded as reactions in heterogeneous systems. Nernst ' 
has proposed a theory for such systiuns, which has b'en 
tested experimentally by Brunner.^ The principle of this 
theory consists in basing the reaction velocities on th(‘ dif- 
fusion velocity. 

The equilibrium lietween two phases at their boundary 
surface must be produced with extrenaely great rapidity, 

‘ ZtBclir. f. phi's. Chemie 47, 52 (1904). See also tlw esrlier itwestigation 
Noyes and Whitney, ibid 28, 689 (1897) 

* Ztschr f. phys. Chem 47, 69 (HX)4) 
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otherwise inj&nitely great, or at least very great, forces would 
develop between the extremely close pomts between which 
the reaction occurs. These would, however, bring about 
the equilibrium practically mstantly. In such a case the 
reaction velocity is conditioned by the velocity with which 
the mobile components reach the border-lme of the phases, 
1 e. by the diffusion velocity 

The contact surface of both phases will now actually pos- 
sess a thin but measurable layer of the thickness <5, within which 
the whole diffusion process occurs 

If we designate the concentration of the diffusing sub- 
stance at the surface of the fixed phase by (7, its concentra- 
tion in the solution by c, its diffusion constant by Z), and the 
surface of the solid body by jP, then in the period dt the quan- 
tity of substance 

dz=DF^^dt . 


will diffuse to the contact surface and immediately react. 
The speed of reaction becomes 



C~c 

a 


If we consider that C possesses an extremely small and 
negligible value, on account of the equilibirum which occurs 
instantly, the following equation results. 


dx DF 


The speed of reaction is proportional to the concentration 
of the diffusing substance 

In applying these results to electrochemical reactions there 
is to be added only the condition that the concentration of 
the reacting substance in the immediate vicinity of the elec- 
trode must always possess a very small value, which can 
easily be attained by choosing a suitable current tension Then 
the reaction velocity will depend only upon the quantity of 
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the substance reaching the electrode. IClectrolytie traii.sh'r- 
ence must be conshlerod as well as the dilTu-sioii, if ioas are 
involved. 

Since the rjuantity of the discharged ions tlepends upon 
the current strength, it n'presc'iits a nKsisun* of tii(' nsn-tion 
velocity, if (1) sale reactions are excludi'd — for instance, if no 
ions are dischargi'd without reacting — and (2) tiic' current 
strength chosen is not so small that th(‘ reaction velocity 
possesses a lugher value than the discharging vc*locity of the ions 
regulated by the intensity. 

In other words- The current strength is IIksi only a direct 
measure of the reaction velocity, if tli<‘ maximum current 
strength at which all the liberated ions an' just ulile to react 
is employed. The pioduelioii of this condition can (>e easily 
recognized expoiiiiusitally by the fact that the lea^t increase 
of this maximum intensity hauls to side reactions, most fre- 
(juently to a molecular si'paratioii of the disehargisl ions 

Before the Ncriist tiu'ory wtus proposed, II. (loldschmidl ‘ 
had already eraployi'd this idea for studying the ri'lution lietween 
reaction velocity and conwsitration of aromatic iiitrn-bodu's. 

If the maximum current strength at which no hjdrogcn 
is yet evolved is designated by J„, the coticenlration of the 
body to be reduced by C, the experiment, a! fsjuation resulted 

is the concentration of a cross-section, i.e. the reaction 
takes place directly at the electrode surface. If we suppose 
that the adjustment of the equilibrium takes place there with 
extreme rapidity, according to Nernst, then the reaction velocity 
will have to be based solely on the diffusion velocity, and will, 
therefore, be directly proportional to the concentration of the 
depolarizer in the electrolyte. The theory hence demands the 
formula 


‘ Ztschr. f. Mektrochemie, 7, 263 (1900). 
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The lack of conformity has not yet been explained Perhaps 
the supposition of a very rapid attainment of the equilibrium 
at the electrode does not apply to the reduction of mtrobenzene, 
which abounds m phases. 

The results of Akerberg^ concermng the velocity of the 
electrolytic decomposition of oxahc acid in the presence of 
sulphuric acid agree better with the theoretic reqmrements. 
iSo long as the proportion of oxahc acid is considerable, the 
decomposition takes place accordmg to Faraday’s laws, i e 
without evolution of oxygen. But if the solution has reached 
a certain dilution, the electrolysis occurs — ^independently of 
the current density — accompamed by an evolution of oxygen 
proportional to the concentration of the oxahc acid in the 
solution. The decomposition of the oxalic acid then takes 
place in the same proportion as new oxahc acid diffuses from 
the electrolyte to the electrode boundary surface. Conse- 
quently, according to Nernst’s theory, the electrolytic oxida- 
tion velocity henceforth becomes a diffusion velocity 

The hypothesis of the latter is always the instantaneous 
equilibrium at the contact surface of heterogeneous phases; 
but the fulfillment of this condition is not to be accepted forth- 
with, particularly in the case of many organic processes which 
— ^for instance, the reduction of nitro-bodies — are able to give 
a whole series of intermediate phases up to the final equilibrium. 

The influence of the electrode material upon the velocity 
of reaction decides particularly agamst its signifiicance in all 
cases as a diffusion velocity. 

Finally, to view electrolytic processes as heterogeneous sys- 
tems does not seem at all sound, according to the description 
of the electrochemical reaction mechanism given in our intro- 
duction. If the first process, in accordance with the given 
exposition, is the discharge in the electrode boundary surface, 
and if the second is the separation on the electrode or the 


^ Ztschr f anorg Chemie 31, 161 (1902) See also Brunner, Reaction 
Velocities in Heterogeneous Systems, p 52 Thesis, Gottingen, 1903 Cf. 
also Luther and Brislee, Ztschr f phys Chernie 45, 216 (1903) 
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reaction of the ionK prcHont in tlic lioiindary snrfacc with lin- 
dcpolaiizor, hence in the fluid system, (hen tlu' aetuul reuetiuii 
takes place in a homogeneous systc'iu. I'lu' typical iidlueiua* of 
the reacting ions uill then show itself in the \<'loeify c(mstant 
of this reaction; likewise*, if the ions aie derived tiuiii tin* lat- 
ter, the typical effect of (he ('lectrode metal will he seen. 
A sharp tlistmction will Hum exist Ix'tween the discharge, which 
can occur with an extremely gieat velocity, and (he actual chem- 
ical reaction ivith the depolarizer, (lie velocity of whiidi will ix* 
measurable and distinctly individualistic. In (his case the 
velocity of diffusion alone cannot n-present the velocity of 
reaction. 

With the aid of other ideas concerning the elect rii-al 
reaction mecliamsm, particularly the n-duction mechaniNm, 
Haber and Russ^ ainve at the same interpretation. 'I’iiey 
advance tlu* proposition. “The reducing phase i-. formed 
at the cathode* wnth an immeasuraiily great velocity constant, 
but the velocity with which it acts clu'mically on tin* depolarizer 
depends upon the latter’s pi'culiarities and is often measur- 
ably small.” 

By a “reducing pluuse” is nu'ant liydrogen or any metal 
phase wliich is supposed to stand in a dynamic equilibrium 
with it, so that the action of the dilh'nmt eathodi* materials 
can be taken as eipial, a condition whii’li cun be exjierimentally 
obtained by the choice of a cathode potential which r<‘mums 
always the same. 

h, Omntic Thmmj of Ekrtriml R&hietion. 

Haber ^ was the first to publish a theory of electrical reduc- 
tion which is in many points free from the limiting eoiulitioiiH 
of the diffusion theory, faiti'r, conjointly with Russ,® he 
brought it to the form given below. 


‘ Zt'sehr f. ptiys, Chemie 47, 203 (1901). 
’ Ibid. 3t, 103 (tSWO). 

• Ibid. 47, 2(i3 (1904). 
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The sphere of validity of this theory, in conformity with 
the experimental material, extends to the use of unattackable 
■cathodes at current strengths which, in contradistmction to 
those chosen by Goldschmidt, lie considerably below those 
necessary for developing hydrogen. The conditions are hereby 
.simplified, because, on the one hand, the reduction must pro- 
ceed exactly according to Faraday^s laws, and, on the other 
hand, it can be regarded as bemg always accomplished by 
the same agent, hydrogen This latter hypothesis, since it per- 
mits the assumption that the reducing agent obeys the laws 
of gases, is extiemely weighty for the theory Herewith is 
assumed that the hydrogen is present in the electrode surface 
with the concentration Ch If we want to assume the re- 
placement of the hydrogen by a metal, the latter must also be 
regarded as obeying the laws of gases It hence suffices to 
deduce the theory only for hydrogen as a reducmg agent. If 
Ch be the concentration of the hydrogen atoms at the cathode, 
then the potential E, accordmg to Nernst^s osmotic formula, is 

E=-BT]x^^, 

in which It is the gas constant, and T the absolute temperature. 
If the hydrogen in the cathode now reacts with the depolar- 
izer M, for instance according to the equation 

M+2H- +2E®-=M+H2 = MH2, 
the speed of reduction is 


or, neglecting the subtractive member, 

dCiu 


dt 


^kC^BCu. 


According to the above-mentioned hypotheses, we can 
directly substitute the current strength J for the speed, which 
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is proportional to it, 


dC. 

dt 


M 


■kiJj 


or, mure suuply, 

h^Lxf h ( M 


//? 


I 

^L" "('m 


If this value is introduced into the potential erjuatiou, 

E=^RTln^, 

C// 

there results 

,, ’tT, J 

or if C}i‘ is considered as constant, and the constant k' is placi'd 
in the formula as subtractive memlxT, 

L =-;,-ln7;i — const, 
z Cm 

The relations were nmv tested for the constant J in an 
alcoholic nitrobenzene solution; as a result the formula can also 
be written in the followinjr manner: 



CckB^Kh 


- const . : 


furthermore, for constant nitrobenzene concentration, 


E — ^Inj — const, 


and finally for constant cathode potential, the rdatkin 

— -const 

tCsHrfTO* 

So far as a Ic^arithmic connection between E on the one 
hand, and J and Cm on the other n^ulted, the theory is v®i- 
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fied by the observation. However, the constant factor before 

RT 

the logarithm was not found at It always possessed a 

larger and somewhat variable value 

Haber and Russ ^ therefore changed the original formula to 

E =x\-^ln-^ const J. 

This expression was substantiated by experience when the 
mfluences of diffusion were avoided as much as possible The 
factor X appears as a function oi the electrode condition 

It would lead too far to enlarge upon the meanmgs of the 
factor X which were discussed by Haber and Russ 2 

c Summary of the Theories 

The two theories of Nernst and Haber above mentioned seem 
to contradict one another m important points The electrical 
speed of reaction m the diffusion theory (Nernst) is directly a 
speed of diffusion; Haber’s formula holds good only in case the 
diffusion is excluded as much as possible. 

The contradiction is only an apparent one, and the difference 
oetween the theories lies in the hypotheses. The measurement 
of ‘the speeds of reaction depends upon the conditions of the 
experiment If the reaction between two components of re- 
action actually takes place instantaneously, we can vary the 
time of reaction entirely at will by the period of time during 
which we add one of the components If the latter is used up 
with immeasurable rapidity, the measured velocity of reaction 
must naturally always remain proportional to the added quan- 
tity of the reaction components The Nernst theory is based on 
relations in which this subsequent delivery is effected only by the 
diffusion, the reacting agent furnished by the current being 

^ Ztschr f phys Chemie 47, 264 (1904) 

^Cf also* Russ, Concerning Reaction Accelerations and Reaction Retar- 
dations in Electric Reductions and Oxidations Ztschr f phys Chemie 44, 
641 (1903) Bee also the chapter on electrode material 
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kc'pt at tlio electroilo by tin; potential n'latioiis in an infinit('.si- 
nial concentration as opposed to tlio external concentration. 
Since the reaction can only proceed furth(>r if new quantities 
of the agent reach tin; electrod(‘, and this sub.s(>(iuent <ielivery 
can be broiiglit about only by transferencaj and <iiriusion, the 
first conclu.sion drawn is that t, hc.se two fact(»r,s det(‘nnine 
the current .strength. The current can reach the (‘l('ctro<l(' 
only by mean.s of ions. Since, luoroovi'r, the measurable 
velocity of reaction is regulated by the current stnaiglh, it 
follows further that thi.s velocity of reaction i.s also i-egulated 
by the effects of diffusion and transference*. It is mentioned 
in Ackerberg’s experiments what the ratios are in the |)rj'sencf' 
of a dejiolarizer. The theory holds good if tlu* mt'asuralde sp('(>d 
of reaction, which need not be identical with the actual velocity, 
is artificially made a diffusion velocity. The con.siderat ions of 
Haber sujipose that the ions and ds'polarizi'r are in .such grtnif 
concentrations at the idi'ctrodo that the ions di'riv'isl from the 
great surplus bring about the reaction in accordance with the 
current strength — mlepemletitly of that whhdi is sulxs(>(|U(>ntly 
delivered by diffusion. I'lw' relations of Haber are therefore 
valid only in such casiss where impoverished plu'iiomt'iui are 
excluded at the cathode. Thos<* of Nernst are triK* only in 
such where complete impoverishment exists, i.e., where almost 
zero concentration of the (h'polarizer i.s createtl at the direct 
border line of reaction. For the reliction can progress only 
in this case in the same proportion as the depolarizer ('liters 
by diffusion into the reaction layc'r. 

We easily obtain results luiving the advantage of bi'tter 
proof, if we base the reaction-kinetic speculations upon the 
views developed on the reaction mechanism, according to 
which the discharge of the ions at the electrode Is strictly to 
be tUstinguLshed from the separation on the electrode or the 
reaction with the depolarizer. This kind of proof ia naturally 
of greater significance for the Haber than for the Ncriwt deduc- 
tions. For even if the whole reaction, according to our suf)- 
position, takes place in the fluid phase, i.e. in a homogeneous 
system, the principles of the reaction can practically be appii- 



THEORETICS 


39 


cable in heterogeneous systems In the localization of the dis- 
chargmg space in the immediate vicimty of the electrode, 
the layer in which the discharged ions are present may be 
considered as an extremely thm film which behaves as a 
heterogeneous formation towards the electrolyte The con- 
centration of the discharged ions in this film is undoubtedly 
extremely small at the great velocity of reaction with which 
they separate or react Thus the progress of the reaction 
depends upon the velocity with which diffusion and transference 
conduct new ions to this film. If the concentration of the de- 
polarizer IS strong, only the last-mentioned factors will mfluenee 
the reaction velocity, if it is weak, the quantity of the depolar- 
izer, which is supplied by diffusion, plays an important part. 

Our views, that the laws of gases can actually be applied 
to the concentration of the discharged ions, form a desirable 
confirmation of Haber’s relations For the discharged ions, 
which are not in or upon the electrode but in the solution, 
must have an osmotic pressure proportional to the concentrar 
tion in the discharging space, i.e the current strength, accord- 
ing to Haber’s conditions. The validity of the laws of gases, 
if we suppose a solid solution of the ions in the electrode, is 
difficult to explain, particularly if the case is one of metal ions 
which reach the cathode and there produce reduction effects. 
The deductions of Haber remain unchanged formally, but their 
sphere of validity appears enlarged, however, since under the 
necessarily limited conditions the behavior of attackable 
cathodes becomes also theoretically representable. A repe- 
tition of these deductions, however, will not be given here. 

The theoretical treatment of the physicochemical material, 
.which organic chemistry places so abundantly at our command, 
is yet in its imtial state. Not only do the many obscure points 
incite to a continuation of the work, but the few results and 
the numerous problems rather justify the opinion that the 
phenomena of organic electrolysis are especially adapted to 
carry the teachings of physical chemistry into the domain 
of organic chemistry 



CIIAPTKH II. 

METHODIUS. 

It is assumed that Ihe n'udor is familiar with the ticiictul 
arrangements of (‘leetnx'hemical experiments. In the follow- 
ing pag('S only those parthailars will ri'ceive attention which 
are of sp(>caal nu])ortane(> in tlu- eleetnilysis of oriranie com- 
pounds. The arrangenu'iit which permits the ohservatHm of 
the decisive potentials, and thdr control and maintenance at 
a constant, is particularly im]iortanl. Of impurtama* are 
certain elc-ctrolyzing apparatus siiituhlc for particular pur- 
poses, and also arrangemmits for stirring, which often de- 
cisively hiflucuco the course of an exp<>riment. 

1. TllK 

Cells of the most varied constructions, depending upon 
the problem in hand, are reijuired. The conductivity of the 
electrolytf‘, the ru'cessity of colh'cting gasiss, the s(>paratiou 
of the cathode and anode chamliens, regulation of the tem- 
perature, the variation of the size of the electrode, all demand 
certain reejuirements and arrangements. 

Of course, the eonijirehensiveness of the exjieriment is also 
of great importance. However, only the conditions wliich enter 
into the riuestion of seientifie investigations are of ititere,st 
here. We shall, therefore, waive the repetition of the technical 
axrangements for organic electnwhemical protHiHses. 

In the simplest case it suffices to immersti the two electrodes 
always in a certain position in a glass vessed, and usually 
parallel to one another. The vessel is closed with a hermetic- 
ally fitting stopper when gases are to be collect (xl. Three 
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perforations are required in the stopper, one for a glass tube, 
and the other two for the electrodes, the latter being sealed in. 
A little mercury closes the circuit. Changes in temperature 
are obtained by outwardly heating or cooling the vessel. 
Stirring is caused by the electrolytically evolved gases 

The current conditions can be varied in the most different 
ways By a choice of concentrations, or by additions, the con- 
ductivity can be increased or diminished; also by raising or 
lowering the voltage. The height of the electromotive force , 
developed m the cell determines the current strength ; the ratio 
of the latter to the electrode surfaces gives the current density, 
and to the volume of the electrolytes, the current concentra- 
tions ^ 

This simplest form of arrangement seldom suffices; usually 
a separation of the cathode and anode spaces is required. 
This is oftenest obtained by the use of a diaphragm, or by 
connecting, with a siphon arrangement, two separate vessels, — 
one containing the anode and the other the cathode fluid; 
this latter method is more rarely used, however, because the 
resistance is liable to become too great Porous earthenware 
cylinders or plates are usually employed as diaphragms. 
Diaphragms, which often answer well, are sometimes made 
of gypsum, pressed asbestus (only utilizable in alkalies 2)^ 
porous cement, and parchment paper. So-called acid-proof 
diaphragms are also used. Cylindrical vessels are simply placed 
in the wider outer vessel, and plates are fitted in tightly, or 
cemented in A simpler method is to make the cell of two sep- 
arate parts fitting upon one another. Between these the di- 
aphragm plate is tightly wedged with screws by means of a 
rubber ring or a caoutchouc frame. The Wehrlin ^ cell is made in 
this fashion. Cooling and stirring in electrolytical experiments 
are of special importance. Aside from the external cooling 
of the electrolyte, a constant temperature of the latter can 


^ Tafel, Ztschr f phys Chem 34, 201 (1900) 
^LeBlanc, Ztschr f Elektrochemie 7, 290 (1901) 
3 Ibid 3, 450 (1897) 
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bo ol)taino(l by puttiiif!; in gbuss or prH-cc'Iaiu worms through 
wldch a ooritimious cuntmt of water is conduclctl. M(>talli(! 
worms must only bo used if they an* to S(‘rve at th(‘ same linn* 
us electrodes. ()th(*ia\ise they act in an undesirabli* manner as 
intermediate conductors m tht* electrolysis Ofti'u it is impor- 



tant to keep the electrodes cool, since their surfawjs littiit the 
actual reaction space. 

Cooling of the electrodes is done either by using worm 
electrodes, as above mentioned, or, if this is made? im{)08siblt> by 
the nature 'and form of the electrodes, by choosing hollow, cy- 
lindrical electa'odes, — through which water is passed, — and of 
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the shape first proposed by Lob ^ and later modified bj^ Tafel ^ 
Figs 1-4 represent types of electrolytic cells variously employed. 

It is evident from the drawings that, by choosing smtable 
diaphragms, the reaction chambers can be closed from without 
In using earthenware cyhnders, the reaction fluid — anodic 
or cathodic — is most smtably placed in the earthenware cyhnder, 
especially if the gases are to be determined 



Gas or mechanical stirrers are made use of for stirrmg the 
electrolyte. Mechanical stirrers, however, are employed only if 
the electrolytic gases are to be investigated, unless these suffice 
for the stirring, as is the case in experiments with high cur- 
rent strengths By permitting the base of the stirrer to dip 
into mercury,^ the mechanical stirrmg can easily be arranged 
in a manner so as to obtain a hermetical seal 

* Ztschr f Blektrochemie 2 , 605 (1896) 

’ Ber d deutsch chem Gesellsoh 33, 2223 (1900) 

®L6b, Ztschr f Elektrochemie 7, 117 (1900); Ztschr f phys Chemie 34, 
647 (1900). 
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The gas-tight ek'ctrode stirrers iir<* hiis(‘(l on llu! same 
principle. They have the a(lvan(ag(‘ of using tiie electrodes 
themselves, — whic.h may have anj' sha[K‘, — lor stirring. A 
fine division of (he components is thus as,sured on tla' (dec- 
trode surface the (reaction spac(“) • 'I’liis matter is of gieat im- 
portance in a series of reactions, for instance in the simultane- 



Fio. 4. — Bk>ctrolytio Coll (UofeFo) Fio. 6. — Gw-tigiit Elootrodi* 

Htirrcr. 


ous reduction of two nitro-bodies to a mi.xed azo-lxidy,. or 
in the electrolytic preparation of azo-dyes, etc. (S«h' Fig. 5.) 

The current is conducted through mercury, whiidi is poured 
into the glass tube in which the electrode is sealed. 

2. ArR.^’^OBMENT of ExPRRIMBNra ANI> MEAHlUmiEtm OF 

PO'l'ENTIAL. 

The ty}>ical arrangement for an electrical decomposition is 
that in which the main current flows through an ammeter and the 
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cell, and the terminals of a voltmeter, in branch circmt, are 
connected diiectly to two points at the electrodes 

The potential of the electrode at which the respective 
reaction takes place is of decisive importance on the course of 
the electrolysis, it may be the cathode or anode potential or 
sometimes both The potential difference between the elec- 
trodes, which IS mfluenced by many contingencies, such as 
the resistance of the diaphragm, etc , is, on the contrary, 
generally without importance for the reaction The volt- 
meter shows the consumption of electrical energy only in com- 
bination with the ammeter 

The potential of an electrode is determined in combination 
with a second constant electrode which does not belong to 
the actual electrolytic system. This subsidiary or standard 
electrode, whose potential is either arbitrarily taken as zero 
or has a certain absolute value, is connected by a siphon with 
the liquid surroundmg the experimental electrode The electro- 
motive force of this galvanic combination is then measured 
by one of the well-known methods, with a galvanometer 
or capillary electrometer. If the potential difference of the 
standard electrode is correctly subtracted from the obtained 
value, the difference in potential of the reaction electrode, 
based on the agreed-upon zeroi value of the potential, is 
obtained 

Two subsidiary or standard electrodes are in use, the calo- 
mel electrode of Oswald^ and the hydrogen electrode of 
Nernst.^ The former, consisting of a combination of mercury 
covered with mercurous chloride as depolarizer and immersed 
in a solution of Vio n-potassium-chloride solution, has, accord- 
ing to the best measurements, an absolute potential of 
0 613 volt+0 0008 (t^ — 18), in the sense that mercury is posi- 
tive, the solution negative The standard hydrogen electrode 


^ Ostwald-Luther, Physicochemical Measurements, p 383, Leipzig, 1902. 
* Ztschr f Elektrochemie 4, 377 (1898), 7, 253 (1900); see also Wils- 
more, Ztschr f phys Chem 35, 291 (1900); Ostwald-Wilsmore, Ztschr f 
phys Chem 36, 91 (1901). 
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con.sists of a plaiimuti slua^t chargc'tl with hy(lrog('!i in a iKirmal 
electrolyte, i.o, iioruiul as to the hyiirog(‘n ions, in prc-paiuig 
the liydrogen electnxlc, tlic' .shet't platinum (or palludiunij 
IK arranged .so as to h(‘ half in the eleetmlyfe and half in 
liydrogen gas, and the .saturated state is inainlained by 
having a constant euirent of hydrogen jtass thmugli tla- 
electrolyte The half of- th(' (deetrodi' n<»( in tlu' electrolyte 
must thus lx‘ surrounded iluring tlu' entire tin«' of the <‘x- 
periinmit by an atmosphere of hydrogen. Xf'rnst give' the 
hydrogen electrode the arbitrary value (I. 

Depending upon the form of the cell, tla' eonne<-tion with 
the standard cell can be mad(' by means of a si[)hon or other 
iiK'thod Of cour.s(> the electrolyte of the normal eh'ctrodi' 
must not react apprisdably with Unit of the exiierimental 
, C('ll, ami in most cases it will bi' of value to si>purute both by 
a suitably udjustetl diaphragm 

Tiic problems to wiiieh thi* measurement of th(' electrode 
potential gives rise are manifold. 

The task is often to (kdermine at what potential a reaction 
begins; in other w'ords, what disehargi* potent iu! the separated 
or reacting ion posses-st's in the {iresenee of the depolarizer. 
The determination of this value is most simply made by measur- 
ing the (k'compoBition potential.* This method is based u[)ou 
the fact that a {X'rmanent decomposition of an electrolyti' cun 
only take place hy using a certain electromotive force wliicli 
is just able to overcome that of the {xiiarizalion. if we Ix-gin 
to polarize with a small electromotive force, the current cannot 
at first pcTniunently pass the cell. Only whim (he electro- 
motive force exceeds the value of the {xilarizatioji d(x>s the 
sudden defl(‘ction — the “relxiund” of a galvanometer enclo.sed 
in the circuit for obBervatkm— show the passagt' of the current, 
reveling the decomposition value of the electrolyte'. If in a 
coordinate system the ebetrornotive forces are coi^idlered as 
abscissas, the current strengths or deflection factors of the gal- 
vanometer as ordinates, then curves are obtained wWch show 


»Le Bkac, Zteohr. 1 ptoys. ChiaQ. 8, 299 (1891); 12, 333 (1893), 
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characteristic breaks at the decomposition values. If, the elec- 
trode at which the reaction is expected to occur is combined 
with a normal electrode, and the difference m potential at the 
work-electrode is observed for increasing current strengths, it 
will be found that at a certain value of the latter, a sudden 
passage of the current, which appears as a break m the curve, 
occurs This break is characteristic for the beginning of any 
kind of reaction, whether it be that of the separation of ions 
or their reaction with the depolarizer When seveial kinds of 
ions are separated or react at different electromotive forces,^ 
these breaks can repeat themselves in the curve 

The simplest method of determining the beginning or non- 
occurrence of a reaction consists in measuring the discharge 
potential of the cations or anions before and after the addition 
of the depolarizer which is to be acted upon A change m 
potential at the addition shows the beginning of the reaction 

It IS of especial importance to know the potential interval 
within which one or several distinct reactions take place. The 
determination of this depends upon the change m potential 
which the presence of a depolarizer produces as opposed to 
an electrolyte contaimng no depolarizer For example, if it is 
desired to learn if chlorine derivatives of phenol can be pre- 
pared at the anode by electrolysis of a hydrochloric-acid solu- 
tion of phenol, then the point of decomposition of the chlo- 
rine ion, in combination with the hydrogen electrode, is found 
at 1 31 volts in a Vi n-hydrochloric-acid solution If phenol 
is added to this solution, the break in the curve occurs 
already at 0 9 volt.^ Therefore the span in potential, within 
which the reaction for the formation of chlorine derivatives 
of phenol must take place, lies between 0 9 and 1 3 volts In 
this manner Dony-H6nault, among others, determined the 
decomposition potential of the OH ions, m combination with 
the hydrogen electrode, in dilute sulphuric-acid solution both 
without and with the addition of ethyl alcohol. He found 

1 S Glaser, Ztschr f Elektrocheraie 4, 355, 373, 397 (1897) , Bose, ibid 
5, 153 (1898). 

2 Of Dony-H4nault, Ztschr f, Elektrochemie 6, 533 (1900). 
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in tbo first otsc thut tho discliargt' iKdcritial was at 1 (Hi 
volts, in tho sooond caso at about 1.2 l.ti volts. Mithor 
acc'taidohydo or ur<‘fio arid can bo foiniod by (iio action of 
hydroxyl ions upon alcohol A nioastiroinr'nt of tin* docom- 
position potential of tho h)drnv\l ions in dilute .sulplniric acid 
and in tli<' presence' of acot aldoh_\ do dhl not porcf'ptiljK lou<‘r 
th(‘ potential. Tlio acotalde'iiyde', under the (‘.xiMinjj circiun- 
stancos, does not act as a d<‘polarizor, so that, if tho potential 
during electrolysis is kept bedwoen 1.8-1 (i \olts, an alinosi 



V. 


Fia. 6. — Arrwigement of Experiment (Ilnber). 

quantitative yield of awtaldehyde must be obtained. The 
experiments completely verified this theoretical deduction. 

Tlie second problem, which often occurs, is to keep this 
|X)tential at a certain value, or within certain limits. This 
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is accomplished by setting the cell, which consists of the 
work-electrode and the normal electrode, at the desired ten- 
sion by choosing the suitable polarizing current strength — 
according to the compensation method, — and by taking care 
that the tension existing between the work electrode and 
the standard electrode retains the value of the compensating 
potential by varying the current strength as may become 
necessary during the course of the experiment Haber ^ has 
used this method of procedure for hmited potentials, and Lob 
and Moore ^ employed it for an entirely distinct constant 
potential during prolonged electrolyses Figs 6 and 7 are 
sketches of the ariangements of their experiments The 
lequirements for the reduction of nitrobenzene, as expressed 
in the theoretical part of this book, weie proved by these 
experiments, — namely, that, by reason of the necessary limi- 
tations, only the cathode potential is decisive for the obtainable 
1 eduction phase. 

If in simpler cases, which are naturally rarer in organic 
electrolysis, the only point is to keep the total decomposition 
tension between the electrodes below a certain value, then 
it will suffice to employ suitably small electromotive forces, 
or such limited by branching. 

Finally, the measurement of single electrode potentials is 
of importance m itself for obtaimng the depolarizing values, 
1 e., the potential differences of an electrolyte m connection with 
a certain electrode with or without a depolarizer It is evident 
that these depolarizer values are characteristic quantities for 
the chemical nature of the depolarizer, and are very closely 
related to the constitution and configuration of the molecule 
Introductory experiments on this question for nitro- and nitroso- 
bodies have been made by Panchaud de Bottens ^ Lob and 
Moore ^ have also measured the depolarizing values for nitro- 
benzene at different electiodes and current strengths It was 

1 Ztschr f Elektrochemie 4, 507 (1898) 

^ Ztschr f physik Chem 47, 432 (1904) 

Ztschr f Elektrochemie 8, 305, 332 (1902) 

^ Ber d 5 Internal Kongr f angew Chemie, Berlin, 1903, 4, 666 
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foiyul tliiit they geiieruliy hceiune .stiuiller with inercasiiig 
current Htrengtlus. Single (‘ieetrode uietuls, lunvcver, .nIiow 
{X'(:uliariti('.s which .suggest the uceurrciice of vaiiablt* reuctuois. 

li('si(les the asuul iu<'(h<><! of urrungeiiieiit UK'Utiouetl at (he 
beginning of this ehupfer, iri which (he current deriveii from 
any suitable .source of {‘li'ctricity il;ls^^>s through the cell, 
the ap])aratu.s can often lx* suitably simplified -—('^ix'i-ially 
for electrical reductions — by employing Tiib reaction cells’ 



Main Current - ‘ A Current .Stuirre, H UhtHmtat, C Ammeter. D Amwie, A’ Catin«ie, 

F Plate Ui'MiHtjinre, Kxt»«nmf»ntal CVH. 

IleaBuring Current. . , . A'CcnnimriHatnm AmimuIatorH, H* PrffnwKjn Voltmeter, C* Plate 

BalhtHt Rcwtanre. E* (iahaimmeter, J[n3*tan- 
taiienus Cutout, G Htandiard Klectrtab. 

Fio 7.“— L5b*H Kxpt*rinn?ntal Anrapg<»rneitt 

or short-circuiting cells. Cells can l)e construcUsl, wduch do 
away with the primary-cuiTent production in laboratory 
work, based upon the fact, alnwly used by Royer’’ in the 
reduction of oxalic acid, that a reaction producible by the 
current can inversely serve as a part of a suitably constructed 
electric cell. If, for instance, mtrolxmzene is dissolved in con- 
offlitrated sulphuric acid, the solution poured into an earthen 
ware cylinder, a piece of platinum dipped in the latter and the 

^ Ber. d. deul»h. chem. GteeeUsch, 1390 (1896). 

*Compt. rend, 09, 1374 (1869); see also t«peyri6re, Tommasi, Trait6 
dPHectsocWmie 724, 729 (1899). 
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cylinder with its contents placed in another vessel containing di- 
lute sulphuric acid in which is immersed a piece of amalgamated 
zmc, we have an electric cell or battery On making a metalhc 
contact between the zmc and platinum with a binding-screw, 
quite a considerable current circulates even at a low tension, 
since the resistance is small After a few hours the contents 
of the earthenware cylinder solidifies, forming a pasty mass of 
aimdophenol sulphate Such systems can be prepared in very 
many suitable forms, particularly in such a manner that heat, 
or pressure, etc , can be apphed during the operation. 

3 The Electeodes 

The nature of the electrodes is of great importance for the 
course of electrolytic processes The material is not only 
decisive for the effect, as already fully discussed, but the nature 
of the surface and the previous treatment of the electrodes 
can decidedly influence the course of the electrolysis In the 
first place it is obvious that the size of the surface wetted by 
the electrolyte is codeterminative for the potential and current 
density, and even on this account its smoothness or roughness 
form decisive factors; but its form, and the mutual position of 
both electrodes, must also be taken into consideration, for on 
these depend the distribution of the lines of force on the surface 
In general, the data on the current densities and of the potentials 
refer to mean values; actually both are usually unlike at different 
points of the surface, since the number of the discharging 
current lines is an uneven one. 

It IS, therefore, often to be recommended, especially in 
accurate potential measurements, to “ touch over ” the surface. 
Haber ^ does this by shaping the siphon end of the standard 
electrode into a capillary tube, which he conducts along the 
electrode surface. If the object is to obtain tolerably equal 
current densities without this accurate checking of the re- 
sults, the relative size and position of both electrodes must 

^ Ztschr f phys Chemie 32, 209 (1900) 
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!k‘ tiikcti into <-(insi<li'ridion. 'rin'V uuiy Ik* ot ."iiniiiut 

(linK’iihiojis and hk(' form, ami parallfl in thr bath. 

A b(‘(i(‘r way is to chuoM' concaiiliir anatij'i'inciit^ such as 
mcnlioiu'd liv Lol/ ‘ and 'I'afcl.- 'I'licsc clcctrudi''- cousiM <if 
('(uuauitric cUimlcrs between ulnch the ele<-tio!_\«ji-. ttike-; place. 

It has already been mentioned, in I lie d!Mm'"-iou on I he excels 
potential i)h(momi‘non, m what manner ihe natme of theelec- 
trod(' potential is ol impoitancf' lor ilie potential, leamiiji out 
of the ([uestion th(' chanjicil <hmen.''ion.''. 'llie e\uhition of 
hydiogen is well-nigh revcrsiblt' at platinized platinum lO.Odd 
volt <‘\c('ss potmitiai); at blight ([Kili-shedt piatmnm it i- already 
009 volt. This inliticnci' possiblj occuin m a -imilar inanmT 
with all ('lectrod(‘ mati'rials. Tah't,-* bv redinang dilliciilth re- 
ducible substances in sulphuric-acul solution, wa- able to obtain 
good nssults only at a lead cathodi*, the .‘-tirl'acc of wjtich was 
coated with a layer of spongy h'uil. Such a surface can easily 
Ik' prepared by first coating the electrode aiiodically with a thin 
film of lead j«’ro\ide and then reducing this cathodically. Sim- 
ultaneously a solution of the foreign metals in the surface coat is 
brought about by the anodic pmci'ss and a pure lead surface 
obtained by reduction. Tafcl, by a great mmtlMT of examples, 
has likewise* demonstrat<‘d how important it is to have a pure 
cathode. Even traces of impurities can deeisi\ely modify tiu' 
effect. The simplest supposition is that tin* velocity of .s<*para- 
tionof the dischargeil kins iseatalytieally hifhu'uml by the traces 
of impurities. This assumption ugnx*s In'st witli the ex|M*rimen- 
tal results. FiHleed, if the reduction eri,ergy is lowered by the 
impurities, w(> must conclude that an iweelerati'd catalytieal 
action ol the hydrogen formation occurs; this agnx's witii the 
observation ofTafel. that, with a constant-current source and 
outer resistance, a disturbance of tfie reduction g<x'S hand in 
hand with an increase oi the current, or, what is the same 
thing, a lowering of the potential diffen>nce at the cathode. 


* Ztschr. f. ElektrcMjhemie 2, 6CS (1896), 

’Ber. d. deutsch. chera. Ge^lach. 8S, 22i^ (1900). 
‘Ztschr. f. phys. (!!iem. 84, 187 (1900). 
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Lob and Moore ^ have obtained the suitable surface con- 
stitution and purity of the cathode in a different manner from 
Tafel They start with a carefully platimzed platinum gauze 
electrode and coat this electrolytically with the desired metal 
by electrolyzing a pure salt solution under suitable conditions. 
They thus succeeded; even with attackable cathodes^ in ob- 
taining qmte constant cathode potentials for a long period 
Russ ^ has observed a pecuhar influence of the pretreatment 
of the electrodes If strong currents are sent through the cell 
tor a longei period, so that an energetic evolution of hydrogen 
occurs in the presence of a depolarizer, the cathode potential 
soon drops, even if the current remains constant, and the evolu- 
tion of hydrogen ceases The original potential and renewed 
hydrogen evolution, after a short interruption of the current, 
reoccurs when the current is agam turned on Hence, the elec- 
trodes depolarize better after being charged with hydrogen 
than without the latter The extent of this influence varies 
with different metals 

M c’ 

2 Ztsciir f phys Chem U, 641 (1903) 



^TTAI'^'^:R ITI. 

ELECTROLYSIS OF ALll'HATIO I’OMPOUXDS. 

OiKiAXKJ coinpouiuls which ur(' ilmfiriposcd m solution !)y 
a direct <‘urreiii cun Ik* (lividcd into those tiiut behave us ele(‘- 
trolyt(',s and t}ios(> tliut act nifU'ely jus de[)(»lurizers. This 
division is not, however, ultofrjhiiei Jippropriute, because ixith 
elTects oft<‘n occur sitnultanj'ously, so that a strict carrying out 
of this dispositi«>n is not possible without arbitrariness juid 
numerous repetitions. The classification into oxuiation juul 
reduction processes, whieh prov<‘d practical in the theoretical 
part, would also be serviceable' in the presenitatiem etf the ex- 
perimental elata, (‘ven though anoelic nnei oathejdic efTe*cts are 
sonie'times obse'rved side by sieh', or successive'ly, in an e-lec- 
troIysLs. IIowev<‘r, the advantages of the latter di\’i.sion 
are combined with the gre'aU'st pos.sil)le survey eif the' mate'rial 
if this is arrangeel only in jiejcore lance' with the chemical e-haracter 
of the substances wiiicdi serve as the starting-point. The 
sequence of the latter is preiecribed by the familiar arrange- 
ment employed in text-books on organic chemistry. Moreover, 
the property of depolarizing, anoelically or cathoelically, depends 
upon the nature of the materials .which serve as the starting- 
point, each group of bodies exhibiting a fixity in its electro- 
chemical behavior, whereby an almost separate grouping of 
the oxidation and reduction proceeses naturally follows. 

1. Cabbon and Hydrocahbons. 

Carbon* 

Carbon, tihe characteristic element of organic com 
pouneb, k, as suirih, also the primal product in tlnj electro- 

S4. 
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synthesis of organic substances The well-investigated electro- 
thermic processes of carbide formation on the one hand, and, 
on the other, the little explained phenomena of the electrolytic 
solution of carbon by the action of the anode current, form 
the introduction to these syntheses That this solution occurs 
when carbon is used as the anode in an acid electrolyte, has 
been repeatedly observed, likewise the frequently occurring 
presence of carbon in the cathode precipitate in galvanic metal- 
deposition has also been noted In the electrolysis of dilute 
sulphuric acid, using carbon electrodes, Bartoh and Papasogli ^ 
had found that the anode carbon is attacked, which was shown 
by the appearance of carbon mon- and dioxide. Coehn^ 
then demonstrated that carbon goes into solution under suit- 
able conditions, coloring the sulphuric acid, as a constituent 
part of the cation it wanders to the cathode and deposits itself, 
like a metal, as a conductive coatmg upon the platinum cathode. 
The nature of the solution (carbon hydroxide*?) and of the pre- 
cipitate has not yet been explamed Coehn^ was able, how- 
ever, to prove that the solution of the carbon conforms to 
Faraday^s law and leads to the expected electrochemical equiv- 

. X 12 o 

alent ^==3. 


Hydrocarbons. 

The great chemical resistibility of aliphatic hydrocarbons 
and the aggregate state of their members poor in carbon make 
them appear as unsuitable material for electrolytical experi- 
ments Only the addition-reactions of unsaturated hydro- 
carbons offer an experimental field. This has not yet been 
developed These reactions are cathodic in the addition of 
hydrogen, and anodic in the addition of halogens, etc The 
fact that such hydrocarbons occur in the decomposition of 
aliphatic acids gives us an indication as to their behavior, which 
will be mentioned at the proper place 


iGazz chim 14, 90, 15, 461 (1885), Comp rend 102, 363 (1886) 
^Ztschr. f Elektrochemie 2, 540, 616 (1896) 

8 Ibid. 8, 424 (1897) 
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Acetylene is the only hydrocarbon which has been used as a 
primal material. 

Acetylene.— Coehn and Bilhtzer ^ have subjected acetylene 
to the action of the oxidizmg cui-rent in alkaline and acid 
solution with limited anode potential The discharging poten- 
tial of oxygen, which is m the neighborhood of 1 7 volts in a 
pure potassium-hydroxide solution, is lowered by acetylene to 
1 22 volts. At this potential a reaction begins It is possible 
m the same experiment to convert the process into a quantita- 
tive one, if the tension is kept between 1 22 and 1 6 volts, a 
potential at which a second reaction begms, as shown by the 
sudden jump in the current strength. At 1 35 volts formic 
acid is produced exclusively, aecordmg to the followmg equa- 
tion 

C 2 H 2 + 6 OH = 2 H 2 O -1-2 HCOOH. 

In sulphuric-acid solution the process proceeds differently. 
By conducting acetylene into sulphuric acid, aldehyde is first 
produced This causes a depolarization of about 0 19 volt 
A quantitative oxidation of the aldehyde to acetic acid occurs 
if the tension remains below the discharging tension of oxygen: 


C2H2+H20 = CH3CH0, 

CH3CHO+2 OH^CHsCOOH+HgO. 

Nothing is as yet known regarding the reduction of acetylene 
and the addition of halogens 

2 Nitbo-derivatives oe Hydrocarbons. 

The reduction of aliphatic nitro-hydrocarbons in dilute 
alcoholic sulphuric-acid solution has been accomplished by 
Pierron." The /3-alkyl-hydroxylamines are obtained at plati- 
num anodes and at a temperature of 15^-20°: 

RNO 2 + 4H = RNHOH + H2O, 


“ Ztschr. f Elektrochemie 7, 681 (1901). 
* Bull soo. chim [3] 21, 780 (1899). 
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and at 70°-75° the amines: 

RNO 2 + 6H =RNH 2 + 2 H 20 . 

Nitromethane' thus yields either methylhydroxylamine or 
methylamine When concentrated hydrochloric or sulphm-ic 
acid IS used, hydroxylamine and formaldehyde are formed, Le. 
the decomposition products of an oxime which was probably 
formed first . 

CH3N02+2H = CH2 • N0H + H 20 =NH 20 H+CH 30 

Under similar conditions mtroethane is converted into 
ethylhydroxylamme or ethylamine, and n-mtropropane into 
/?-n-propylhydroxylaimne or n-propylamine. 

3 Hydeoxyl Compounds. 

Oxidation products are principally to be expected with the 
ahphatic hydroxyl compounds as the lowest stage of oxidation. 
In fact, hydrogen is evolved unused, even if the cathode and 
anode are not separated by diaphragms, while the oxygen is 
absorbed. 

Methyl Alcohol. — ^We are indebted to Renard,^ Almeida 
and Deh4rain,2 Jaillard,® Habermann ^ and Connell ^ for numer- 
ous experiments on the electrolysis of methyl alcohol. 

The results obtained with methyl alcohol can be summed 
up as follows; Hydrogen being evolved, the oxidation products 
formed are • 

1 In aqueous sulphuric-acid solution Methyl formate, 
methylal, methyl acetate, acetic acid, and methyl-sulphuric 
acid, a httle carbon dioxide and monoxide, but no formic 
aldehyde. 


1 Compt rend 80, 105, 236 (1875) 

2 Ibid 51, 214 (1865) 

3 Ibid 58, 203 (1863) 

^ Monatsch 7, 259 (1886) 
fi Pogg Ann 36, 487 (1835). 
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Renard considers the formation of acetic acid as due to 
reciprocal action between the alcohol and carbon monoxide ; 

CH30H+C0 = CH3 COOH 

Jahn ^ thinks the formation must be traceable to the presence 
of ethyl alcohol. 

2 In aqueous solution, on addition of potassium acetate 
(Habermann) Besides carbon dioxide and carbon monoxide, 
methane and potassium methyl-carbonate 

3 Without a solvent, by itself or with the addition of a little 
alkah' Chiefly potassium carbonate, also hydrogen, oxygen, 
carbon monoxide, and carbon dioxide 

While these experiments, which were carried out without 
giving a theoretical insight mto the nature of the electro- 
chemical reaction, yielded almost all the possible oxidation 
products in the oxidation of methyl alcohol, Elbs and Brunner ^ 
have discovered a method which gives 80% of the current 
yield in formaldehyde This is exactly the substance which 
could not be proven present up to that time among the electro- 
lytic oxidation products of methyl alcohol Elbs and Brunner 
electrolyzed an aqueous solution of 160 g. methyl alcohol 
and 49 to 98 g. sulphuric acid in a htre They employed a 
bright platinum anode in an earthenware cylinder, using a 
current density of 3 75 amp. and a temperature of 30°. Only 
traces of formic acid and carbonic acid and a little carbon 
monoxide, aside from the 80 per cent, of formaldehyde, were 
formed. Plating the platinum anode with platinum decreased 
the yield of formaldehyde at the expense of the carbon dioxide. 
With an anode of lead peroxide the carbon dioxide exceeded 
the aldehyde. 

Dony-Henault,3 by measurmg the depolarizing action of 
the alcohol in 3 n-sulphuric acid, found no indications of the 


' Jahn, Grundnss d Blektroohemie 291 (1894). 
*Ztschr f Elektrochemie 6, 604 (1900) 

8 Ibid , 533 (19001 



ELECTROLYSIS OF ALIPHATIC COMPOUNDS 


59 


production of formaldehyde^ and also obtamed a negative 
result in an experiment. 

The significance of all the conditions, for instance the acid 
concentration, plainly follows from the different results of the 
last-named investigators. 

Ethyl Alcohol. — In the case of this alcohol the more impor- 
tant results have been obtained by the investigators above 
mentioned. Schonbein ^ and Becquerel,^ and Bartoli and Papa- 
sogli^ also later carried out some investigations on the same 
subject. The results of the researches are, in general, that the 
final products formed are the following: 

1. In sulphuric acid solution Aldehyde, acetic ester, 

forimc ester, ethylidene oxyethyl ether ^CHs — ^ 

(Renard), and ethyl-sulphuric acid. 

2 Almeida and Deheram state that m the electrolysis of 
a nitric-acid solution they observed, m addition to these oxida- 
tion products, carbonaceous derivatives of ammonia at the 
negative pole. 

3. In hydrochloric-acid solution ^ chlor-acetic acids occur, 
in addition to the corresponding oxidation products (Riche 

Habermann, on electrolyzing the alcohol in alkaline solution, 
obtained, besides carbon dioxide, an aldehyde resin (Ludersdorf 
and Connel from which he isolated a body closely related 
to cinnamic aldehyde In aqueous solution, on the addition 
of potassium acetate, the alcohol was split up into ethane, 
potassium ethyl-carbonate, carbon dioxide, and acetic ester. 

Jaillard^ and Riche® proved the formation of aldehyde in 
sulphuric- and acetic-acid solution In hydrochloric-acid solu- 


^ Tommasi, Traits d’Electrochimie 726 (1889) 

2 Compt rend 81, 1002 (1875) et al places of Compt rend , Tommas^ 
Traits d’EIectrochimie 726 (1889) 

«Wiedem Beiblktter 7, 121 (1882) 

♦Pogg Ann 19, 77 (1830) 

® Tommasi, Trait<^ d'Electrochimie 728 (1889). 

« Pogg Ann 36, 487, Phil Mag 18, 47 
^ Compt rend 58, 203 (1864) 

* Tommasi, Traits d'Electrochimie 728 (1889) 
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tion Ludersdorfi obtained ester like compounds containing 
chlorine Dony-Henault ^ and Elbs and Brunner 3 have .shown 
how to obtain certam products, dependmg upon definite con- 
ditions. While the former directed his aim to the anode 
potential, the latter sought to determine precisely the chemical 
factors which influence the reaction 

Dony-Henault observed that alcohol is oxidized in sul})huric- 
acid solution already at an anode potential of 1 3 volt^ as 
measured m connection with the hydrogen electrode. The 
oxidation of acetaldehyde, on the contrary, requires a potential 
of 1 66 volts to convert the aldehyde into acetic acid. Hence, 
the alcohol can be oxidized only to aldehyde between 1 3 and 
1.66 volts. The experunent proved that, when a platinizeil 
platmum electrode is employed, only acetaldehyde is formed, 
and this quantitatively. The aldehyde yield decrease's at 
a higher potential, the acid content of the electrolytes in- 
creases, and, at the same time, ethyl-sulphuric acid can be 
detected, as already shown by Renard Dony-Henault ascribes 
the formation of this acid to the discharge of the S 04 -ions. 
According to Elbs, a purely chemical action of the sulphuric 
acid (which becomes concentrated at the anode) on the alcohol 
is the more probable. 

Elbs and Brunner electrolyzed an aqueous solution con- 
tainmg 5 g -molecule equivalents of alcohol and 0.5-1 g -mole- 
cule equivalent of sulphuric acid. They obtained acetalde- 
hyde, acetic acid, and carbon dioxide, but no carbon monoxide. 
Acetic acid is the principal product at a bright (polished) plati- 
num electrode. It is formed with a current yield of over 80%, 
the yield of aldehyde amounting to about only one twentieth 
of the weight of the acetic acid. 

Iodoform from Ethyl Alcohol . — Chloroform and bromoform 
cannot be prepared electrolytically from alcohol (Elbs and 
Herz*). This is contrary to the claims of the D R. P No. 

‘ Pogg Ann 19, 77 (1830) 

^ Ztschr f Elektroehemie 6, 533 (1900) 

»Ibid 6, 604 (1900) 

‘Ibid 4, 118 (1897) 
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29771 (1884). Coughlin ^ has substantially verified the results 
of Elbs in the case of bromoform He obtained only small 
quantities of this body which can be easily prepared electro- 
lytically from acetone The formation of iodoform, on the 
contrary, takes place smoothly It is obtained technically 
according to the above-mentioned patent Elbs and Herz 
have established the following conditions for this reaction. 

The course of the reaction is illustrated by the equation 

CH3CH2OH + 10 I + H2O = CHI3 + CO 2 + 7 HI 

The electiolysis is best performed as follows A solution of 
13-15 g calcined soda and 10 g potassium iodide in 100 cc. 
water and 20 cc alcohol is placed in a porous earthenware 
cylinder with platinum anode The cathode, of nickel, is 
surrounded by a strong solution of sodium hydroxide The elec- 
trolysis IS carried out at a temperature of 70° C , with a current 
density at the anode of 1 amp per 100 sq cm , and is continued 
for 2-3 hours. After several hours the iodoform crystallizes 
out, the current yield being from 60-70 per cent The chief 
by-product remaining in the mother liquor is sodium lodate.v 

The reduction of the iodoform by the electrolytically gener- 
ated hydrogen is msigmficant, according to the observations 
of Forster and Mewes ^ 

This behavior permits the discarding of the earthenware 
cylinder It suffices to envelop the cathodes with parchment 
paper, whereby the resistance and the consumption of electrical 
energy is considerably 'diminished The diffusion of the free 
alkali hydroxide away from the cathode necessitates' the continu- 
ous mtroduction of carbonic-acid gas, because caustic alkali pre- 
vents the formation of iodoform, while carbonate promotes it. 
When using the covered cathodes, 20 g. calcined soda, 20 g. 
potassium iodide, and 50 cc. alcohol in 200 cc. water are 
electrolyzed at a temperature of 50°-70°, a current of carbonic- 
acid gas being conducted into the solution between anode and 

1 Am Chem Journ 27, 63 (1901) 

2 Ztschr f Elektrochemie 4, 26^ (1897) 
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cathode. The current density at the platinum anode can be 
from 1 to 3 amp., at the platinum cathode 4 to 8 amp., for 
100 sq cm^ The current yield is about 80% A senes of 
secondary reactions, which are not mentioned in the above 
equation, occur in this process The liydi iodic acid reacts with 
the soda, hberating carbomc acid and forming sodium iodide, 
which in turn is subject to decomposition. The iodine is con- 
verted at the anode into hypoiodite which converts the alcohol 
by oxidation and substitution into iodoform. Alkali-iodatc is 
also formed by oxidation of the hypoiodite 

The reaction is the same as that involved in the usual 
chemical preparation of lodofoim, whereby a colorless solution 
of hypoiodite (obtained by dissolving iodine in a sufheient 
quantity of potassium-hydroxide solution) is made to react with 
alcohol The decomposition potential of potassium iodide, 
investigated by Dony-Henault,^ shows that the iodine as such 
does not act on the alcohol, but only after its conversion 
into hypoiodite The iodine ions are set free at the same 
anode potential no matter if alcohol is added oi not. The 
alcohol does not act as a depolarizer towards the iodine ion; 
the electrical iodoform synthesis is a typical secondary 
process. 

Preparation of Chloral — Chloral is obtained according to a 
process ^ devised by the Chemische Fabrik auf Aktien (vorm. E. 
Schering), if alcohol is permitted to flow into the anode chamber 
of the cell during the electrolysis of a potassium-chloride solu- 
tion. Glucose, starch, and sugar thus also yield chloral. 

Incidentally it may also be mentioned that Sand and 
Singer ^ have prepared alcohols electrolytically by reducing the 
mercuric-iodide compounds of alcohols The cathode is a 
large sheet of platinum which is immersed m the solution of 


* Elbs, tlbungsbeispiele fur die elektrolytische Daratellung chemischer 
Prapaxate (Halle, 1902), 95 

® Ztschr. f Elektroohemie 7, 57 (1900) 

•Elektrochem Ztschr 1, 70 (1894) 

* Ber d deutsch. chein. Gesellsch 35, 3179 (1902) 
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the iodide in a 10% potassium-hydroxide solution: 

IHgCHs CH20H+2H==Hg+HI+C2H50H. 

Propyl Alcohol. — n-Propyl alcohol offers a considerably 
greater resistance to electrical oxidation than methyl or ethyl 
alcohol, according to experiments made by Elbs and Brunner ^ 
Propionic acid is formed as the principal product, with a*' cur- 
rent yield of over 90%, at bright (polished) and platinized 
platinum anodes, as well as at lead peroxide anodes when the 
alcohol is electrolyzed in sulphuric-acid solution A httle pro- 
piomc aldehyde also occurs at lower current densities. The 
formation of carbon mon- and dioxides is likewise very insig- 
nificant 

Isopropyl Alcohol, imder conditions similar to the above 
electrolysis of n-propyl alcohol, decomposes in accordance with 
the equations 

I. CH3CH(0H)CH3 + 0=CH3C0CH3+H20, 

II CHsCOCHs + SO-CHsCOOH+HCOOH; 

III. HC00H+0=C02+H20.^ 

Acetone, acetic acid, formic acid, and carbonic acid are formed. 
The oxidation takes place more easily than in the case of the 
primary alcohols, and yields up to 70% acetone, which, however, 
IS readily oxidized further. In alkalme electrolytes the alcohols 
are converted at the anode into complicated condensation 
products of the aldehydes. 

Isoamyl Alcohol. — The amyl alcohol produced during 
fermentation was likewise exposed by Elbs and Brunner to 
the anodic current action m sulphuric-acid solution. It is 
converted into isovaleric acid with a current yield of about 
80% Some carbonic acid also formed, but isovaleric aldehyde 
was not present under the chosen conditions 

Glycol. — Of diatomic alcohols only glycol seems to have 
been the subject of investigation Renard^ observed in the 

‘ Ztschr f Elektroohemie 6, 608 (1900) 

2 Ann chim phys [5] 17, 303, 313 (1879j, Compt rend 81, 188 (1875), 
82 , 562 (187C'i 
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electrolysis of a sulphuric-acid solution of glycol, besides the 
formation of hydrogen, carbon mon- and dioxide, and oxygen, 
that trioxymethylene, glycolic acid, formic acid, and a sub- 
stance isomeric with glucose were present in the solution 
In phosphoric-acid solution the results are similai. 

Glycerin. — Renard ^ also investigated the behavioi of glycerin 
In the electrolysis of a dilute sulphuric-acid solution he obtainofl 
besides the gases, hydrogen, oxygen, carbon monoxide and 
dioxide, — trioxymethylene, formic acid, acetic acid, glyceric 
aldehyde, and a body to whose barium compound he gave the 
formula (C 3 H 304 ) 2 Ba (glyceric acid'i’). Further electrolysis of 
glyceric aldehyde gave the ordinary oxidation products, and, 
as m the case of glycol, a substance closely related to ordinary 
glucose Stone and McCoy ^ found similar results m acid 
solution. 

Bartoli and Papasogli ® repeated these experiments, varying 
the material of the electrodes, and obtained the following 
results 

Carbon anode and platinum cathode gave trioxymethylene, 
formic acid, glyceric acid, a substance similar to glucose, and a 
resin > 

Graphite and platinum electrodes yielded the same products, 
but a larger per cent of formic acid was formed on using the 
latter. Mellogen was formed at the positive electrode 

Experiments on the electrolysis of glycerin in alkaline solu- 
tion were made by Werther,^ Renard,® Voigt,® and Stone and 
McCoy.’' As principal products there resulted acrolein and 
acrylic acid, besides glyceric aldehyde or its condensation 
products, and glyceric acid, graphitic acid, formic acid and, 
according to Voigt, also propionic acid. 


‘Compt rend 81, 188 (1875), 82, 562 (1876). 
^ Amer Chem Journ 15, 656 (1893) 
s Gazz. chim 13, 287 (1883) 

* Joum prakt Chem 88, 151 (1863). 

5 Compt rend 82, 562 (1876) 

® Ztschr, f angew Chemie 107 (1894). 

^ Amer Chem Joum 15, 656 (1893). 
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Mannite. — ^This hexatomic alcohol has been investigated 
by Renardd Bizzarini and Campani^ have published the re- 
sults of an investigation on erythrite 

In the electrolyzed fluid from mannite Renard obtained 
formic acid, trioxymethylene, oxalic acid, a sugar isomeric with 
glucose, and an acid, CeHsOg, which he regarded as the aldehyde 
of saccharic acid He could not detect mannomc acid. 
Erythrite is oxidized to a great extent 

4 Derivatives of the Alcohols 

Mercaptans. — Bunge ^ electrolyzed the alkali salts of 
ethyl and methyl mercaptans and observed the formation 
of disulphides at the positive pole In the case of the sulpho- 
compounds, however, the free acids were generated 

Methyl-Sulphuric Acid. — ^This acid, investigated by Renard,^ 
yielded hydrogen at the negative pole, while formic acid, carbon 
dioxide, carbon monoxide, and trioxymethylene, besides free 
sulphuric acid, were found at the positive pole. 

Potassium Trichlormethyl-Sulphate. — ^This compound, elec- 
trolyzed by Bunge,® gave hydrogen and alkali at the negative 
pole, and at the positive pole oxygen, carbonic-acid gas, 
chlorine, sulphuric acid, and perchloric acid 

Potassium Trichlormethylsulphonate. — ^This salt was elec- 
trolyzed by Kolbe ® in neutral concentrated aqueous solution 
and gave the following results 

The solution became strongly acid and contained free hydro- 
chloric and sulphuric acids Hydrogen was gradually evolved 
at the negative pole After the decomposition was complete 
the solution contamed potassium perchlorate, which was also 
observed in the case of potassium tnchlormethyl-sulphate. 

' Ann ciiim phys [5] 17, 289, 316 (1879) 

2 Gazz chim 13, 490 (1883) 

® Ber d deutsch chem Gesellsch 3, 295, 911 (1870) 

‘Ann ohim phys [6] 17, 289 (1879) 

‘ Ber d deutsch chem Gesellsch 3, 911 (1870) 

® Joum prakt Chem 62, 311 (1854) 
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Ethyl-Sulphuric Acid. — Ethyl-sulphuric acid, on being sub- 
jected to electrolysis gave, according to Renard,i at the negative 
pole hydrogen, and at the positive pole acetic acid, some lorniic 
acid, aldehyde, and sulphuric acid In concentrated solution a 
greater proportion of acetic acid was formed. The potassium 
salt on electrolysis breaks up, according to Hittorf,^ into the 
ions K— and — OSO2 OC2H5 

By using a diaphragm, Guthrie ^ obtained aldehyde and 
carbomc acid at the anode 

Ethyl-Phosphoric Acid yielded Renard ^ carbonic acid, 
aldehyde, and free phosphoric acid. 

Potassium Isoamyl-Sulphate, according to Guthrie,® is de- 
composed into oxygen, valeric acid, and sulphuric acid, while 

Potassium Isoamyl-Phosphate is split up into valeric acid 
and phosphoric acid 

Potassium Isethionate breaks up (Bunge into hydrogen 
and free acid 

5. Aldehydes, Ketones, and their Derivatives. 

(a) Aldehydes. 

Aldehydes occur as oxidation products of primary alcohols. 
They are readily converted into acids and give, when reduced, 
primary alcohols The ketones, the oxidation products of 
secondary alcohols, are oxidized with difficulty They can 
only be converted into acids by simultaneously splitting up 
the carbon chain On being reduced they are again converted 
into secondary alcohols This behavior is also apparent upon 
electrolysis; however, the reaction becomes more complicated 
as the molecule becomes more complex by an enlargement of 
the carbon chain and the entrance of substituents. Extensive 
decompositions then occur readily and the decomposition prod- 


‘ Ann chim phys [5] 17, 289 (1879) 

* Pogg Ann. 106, 630 (1869) 

• Lieb Ann 99, 64 (1856). 

*Ber d deutsch ehem Gesellsch. 8, 911 (1870). 
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uctS; which are, naturally, often neither aldehydes or ketones, are 
changed further in accordance with their individual nature 
Aldehydes and ketones (hke the alcohols) are non-electrolytes, 
and act merel}^ as depolarizers The acids, however, which 
are formed by the reaction, often play a decisive part in the 
current conductivity, so that more thorough experiments are 
required in many cases to fully learn the conditions electrically 
dommatmg 

The fact that aldehydes occur among the reaction products 
of the alcohol electrolyses is perhaps the reason why they have 
rarely been chosen as the starting-point in special experiments 
Considering the important i ole the aldehydes play as intermedi- 
ate members of syntheses, the treatment of this subject would 
be highly remunerative, particularly with the aid of potential 
adjustments at certain values More attention has recently 
been given to work on the ketones. 

Derivatives of Formaldehyde and Acetaldehyde. — According 
to Tafel and Pfeffermann,^ the phenylhydrazones of aldehydes 
are readily converted into amines by reduction in sulphuric- 
acid solution at a lead cathode Thus ethylidene phenyl- 
hydrazine yields about 60% of the theoretical peicentage of 
pure ethylamine salt. The decomposition of glyoxime is more 
comphcated Besides ammonia and glyoxal and a small 
quantity of an acid (glyoxylic acid there is formed as the 
principal product the crystalline sulphate of a base, C2H8O2N2, 
the nature of which could not be determined with certainty. 
Ethylenediamine is not formed Nor was a diamine obtained 
from methylglyoxime 

The condensation products of aldehydes with ammoma or 
amido-compounds are easily reduced to amines in sulphuric-acid 
solution at lead cathodes. Thus hexamethylenetetramine yields 
methylamine (Knudson ^), ethylideneimine, ethylamine; the base 
front acetaldehyde and ethylamine, diethylamine Aromatic 
aldehydes behave similarly The Farbwerke vorm Meister, 


* Ber d deutsch Gesellsch 36, 1510 (1902) 
*D R P No 143197 (1902) 
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Lucius and Bruning ^ obtain the same effect in neutral or am- 
moniacal solution of the condensation products of fatty alde- 
hydes with ammonia 

Chloral Hydrate — Tommasi ^ electrolyzed a sulphuric-acid 
solution of chloral hydrate and was able to detect the iirosence 
of hydrochloric acid On using diaphragms an abundance of 
chlorine was evolved at the anode, and acetalhedyde collected 
at the cathode 

Grape Sugar.— This sugar (investigated by Renard 3) on 
being subjected to the action of the current broke up into 
carbon mon- and dioxide, formic acid, trioxymethylene, and 
saccharic acid. O’Brien Gunn^ mentions that the aqueous 
glucose solution is converted by cathode reduction into mannite: 

C 6 H 12 O 6 +2H =C6Hi406 

Cane Sugar.— On electi olyzing a concentrated solution of 
cane sugar, Brester^ found that the solution turns strongly 
acid and acquires reducing properties, very little carbon di- 
oxide being evolved He was unable to determine the nature 
of the substance which he isolated by distillation, and which 
was free from formic and acetic acids Continued electrolysis 
produced further oxidation 

The same author made some experiments on the electrolysis 
'of dextrine, gum arable, and collodion, but obtained no note- 
worthy results 

The general impression gained from these investigations is 
one of successive oxidation. The electrolytic oxygen gradually 
oxidizes the substances, the final product being carbon dioxide. 
Intermediate products are formed during the electrolysis, their 
quantity varying with the duration of the electrolysis. In fol- 
lowing out these processes it is of especial importance imme- 
diately to withdraw the electrolyzed liquid from the action 

' D R P No. 148054 (1903) 

2 Tommasi, Traits d^Electrochimie 741 (1889) 

3 Ann chim phyts [5] 17, 289 (1879) 

K P No 140318 (1900) 

^ Bull soc chim* 8, 23 (1866). 
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of the current, in the manner practiced by Miller and Hofer,^ 
by allowing the solution to flow slowly over the electrodes. 
Experiments of this nature have not yet been made here. 

Ulsch^ has made some observations on the complete elec- 
trochemical oxidation of cane sugar to carbonic acid and water 
In a sulphuric acid of 1 15 sp gr , with the addition of manganese 
sulphate as an oxygen-carrier, about 98% of the theoretically 
calculated amount of carbonic acid is obtained. The oxidation 
at 40^-80'^ in barium-hydrate solution is also fairly complete, 
but not directly to carbomc acid, oxalate appears also to be 
formed 

The apparently successful attempts at electrical purification 
of sugar ;jmce, for which a large number of patents ^ have been 
taken out, may be briefly mentioned here. The gist of the 
various methods lies, on the one hand, m the destruction of 
the impurities by oxidation at the anode, and, on the other 
hand, in the production of precipitates which carry down 
colored organic substances and facihtate crystalhzation of the 
sugar by eliminating these impurities. 

b Ketones. 

Acetone. — ^Friedel,^ by electrolyzing a sulphuric-acid solu- 
tion of acetone, obtained carbonic acid, acetic acid, and formic 
acid. Mulder ^ and Riche ® were able to isolate mono- and 
dichloracetone from the hydrochloric-acid electrolyte, and 
monobromacetone from a hydrobromic-acid solution. 

These older investigations are supplemented by more recent 
researches with more exact results. 

According to a process patented by E Merck, acetone is 


^ Ber d deutsch chem Gesellsch 27, 461 (1894) 

^ Ztschr f Elektrochemie 5, 639 (1899) 

® Ibid 1, 251 (1894), 3, 16 (1896), Jahrb d Elektrochemie 3, 322 
(1896), 8, 628 (1901) 

< Lieb Ann 112, 376 (1859) 

' Jahresb f Chemie 339 (1859) 

* Compt rend 49, 176 (1859) 

’ D R P No 113719 (1899) 
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reduced in acid and alkaline solution at a lead cathode to 
isopropyl alcohol and pinacone. The yields of the latter, 
however, are better in acid solution About 40 parts of 
isopropyl alcohol and 20 parts of pinacone are obtained from 
100 parts of acetone, if a sulphuric-aeid electrolyte is employed. 
The reactions take place according to the equations' 


1. CH3C0CH3+2H=CH3CH(0H}CH3, 

2. 2CH3C0CH3+2H=CH3C(0H)CH3 

CH3C{0H)CH3 


The claims of the patent were verified by Elbs ^ Elbs and 
Brand ^ publish the follovdng details In a 10% sodium-hydrox- 
ide solution the reduction of acetone at a lead cathodc> ])roc('e(Ls 
even with a low current density, hydrogen being continually 
liberated The yield of isopropyl alcohol and pinacoiK' is 
small, and the by-products are mesityloxide, phorone, and 
other condensation products About 120 g pure isopropyl 
alcohol and 60 g pinacone hydrate were obtained in dilute 
sulphuric-acid solution from 300 g acetone, lead catliodos 
being’ also used in this case At mercury cathodes the reduc- 
tion of acetone leads to a smooth conversion into isopropyl 
alcohol (Tafeis), without appreciable quantities of pinac'ono 
bemg formed The cathode electrolyte was 40% sulphuric 
acid. The experiments were made by keeping the solution 
cool with ice 


Richard ^ reverts to the attempts of Mulder and Riche to 
prepare halogen compounds of acetone. These substitution 
processes occur, of course, at the anode. With a low anode 
current density and in concentrated hydrochloric-acid solution 
(3 vol. acetone to 2 vol hydrochloric acid) monochloracetone 
IS produced, the fluid being ice-cooled, and unattackable elec- 


‘ ZtBchr f. Elektrochemie 7, 644 (1901) 
Joum f. prakt Chem 51, 591 (1895) 

‘ Ztschr f Elektrochemie 8, 783 (1902) 

’ Ibid , 288 (1902) 

‘Ckimpt rend 133,878 (1901) 


See also Elba and Schmitz, 
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trodes without diaphragms employed Monobromacetone is 
obtained in a similar manner, but a diaphragm and a some- 
what higher temperature (35^-40®) are advantageous in its 
preparation 

Chloroform — Teeple ^ has verified the claims of Schering^s^ 
patent as to the preparation of chloroform from acetone The 
solution of the problem consisted simply in electrolyzing a 
solution of a chloride m the presence of acetone under condi- 
tions that would continuously give the greatest possible yield 
of hypochlorite The most important conditions for this 
purpose are a temperature below 25*^, a solution containing 
no alkali, or as little as possible, a high current density at the 
cathode, and a comparatively low one at the anode (Oettel, 
Forster, etc) Teeple gives the following details In an 
ordmary cylinder of 150-200 cc capacity place 100 cc water, 
20 g sodium chloride, and 4 cc acetone; a platinum cyhnder 
serves as anode, and a platinum wire as cathode, close the 
vessel with a cork connected with a reflux condenser; cool the 
apparatus with running water and electrolyze, passmg m a slow 
stream of chlorme as needed to neutralize the alkali, anode 
current density about 6 amp per sq dm or less After 8 
to 10 hours a layer of chloroform may be removed from the 
bottom of the electrolyte. 

The electrolysis of a calcium-chloride solution in the presence 
of acetone would be the best method of forming chloroform 
if the high resistance due to the deposits forming on the cathode 
could be overcome in some way. 

Bromoform — ^As already mentioned, bromoform is not formed 
from alcohol under the conditions which are suitable for the 
preparation of iodoform. It is possible, however, to convert 
acetone quantitatively mto bromoform (Coughlin^), if acetone 
and potassium bromide are subjected in aqueous solution at 
25° to the anodic current action and soda is gradually added. 
A diaphragm is used More thorough experiments on this 

’ Journ Amer Chem Soc 26, 536 (1904) 

R P 29771 (1884) 

» Am Chem Joum 27, 63 (1902). 
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method were carried out by Muller and Loebed They showed 
that the diaphragm becomes unnecessary if a strong current 
of carbonic-acid gas is passed through the electiolytes kept at 
15 °- 17 ° They thus obtamed a current yield of 90 2% broino- 
form With a lower yield, oxidation and furthei bromination 
occurs besides the formation of bromoform This latter takes 
place m stoichiometrical proportions according to the equation 

CH3COCH3 +QBt +H2O =CHBr3 +CH3COOH 4-3HBr, 
or in the form of an ionic equation, 

3Br' + 60 + H2O + CH3COCH3 = CHBrs + CH3COOH + 3H- 

This formula is not mtended to ^ow that the acetone acts 
directly as a depolarizer of the bromine ion. The reaction 
mechanism has not yet been completely elucidated. 

, Iodoform'^ from Acetone. — ^Teeple® mentions a method bv 
which almost the theoretical yield of iodoform can be obtained 
by the electrolysis of a potassium-iodidc solution in the presence 
of acetone. No diaphragm is reqmred, the essential feature 
being the gradual addition of a substance like hydrochloric 
acid, hydriodic acid, or, better, iodine, to neutralize the excess 
of potassium hydroxide as fast as it is formed. The tempera- 
ture IS kept below 25 °, and the electrolyte thoroughly stirred; 
m fact the same current conditions should be observed as in 
the case of chloroform above mentioned, the aim in this case 
also being to maintain the conditions always favorable for the 
production of a maximum amount of hypoiodite. 

Oxidation of Ketoximes.— According to an investigation 
made by J. Schmidt,^ ketoximes, on electrolysis in dilute sul- 
phuric-acid solution, are decomposed in such a way that pseudo- 
mtroles axe formed besides other nitroso-compounds. If 
acetoxime is oxidized at a temperature not over 10° in a 2% 

^ Ztschr f Elektrochemie 10, 409 (1904) 

^ See also p. 60 

^ Joum. Amer Chem Soc 26, 170 (1904). 

* Ber cJ deutsch chem Gesellsch 33, 871 (1900) 
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sulphuric-acid solution, using a platinum anode, and an earthen- 
ware cell as diaphragm, the anode fluid is soon colored blue; 
at the same time a white crystallme substance is precipitated 
upon the anode This substance is propylpseudonitrole, 

{CHa)iC<]5g^ This was formed perhaps in the following 

manner 

4(CH3)2C NOH + 3 N 2 O 4 = 4(CH3)2C<^JJ§^ + 2 H 2 O 4-2NO. 

A part of the acetoxime will split up upon electrolysis, oxides 
of nitrogen bemg given off, and these latter in the nascent 
state will convert any unchanged acetoxime into prop 3 'lpseu- 
donitrole A blue nitioso-compound can be isolated from the 
anode solution A diaphragm is unnecessary in these experi- 
ments. Diethylketoxime and meihylethylketoxxme behave just 
like acetoxime 

Isopropylamine is formed in the reduction of acetoxime in 
sulphuric-acid solution at a lead cathode (Tafel and Pfeffer- 
mann i) This process is a general one. The electrolytic 
reduction of ketoximes leads, hke that of the aldoximes and 
phenylh 3 ’'drazones, to the final formation of amines About 
66% of the theoretically possible quantity of isopropjdamine 
is formed from acetoxime, acetonphenylhydrazone gives about 
the same yield 

Glyoxime, OHN=CH CH NOH, under similar conditions, 
yields, as the chief product (about 60% yield) a substance 
whose reactions probably characterize it as /?-ethylenedihy- 
droxylamine; 

CH NOH CH2NHOH 

I + 2H2 = I 

CH NOH CH2NHOH. 

The electrolyte also contains ammonia, glyoxal, and small 
quantities of acid (glyoxalic acid) 


‘ Ber d deutseh chem Gesellsch 35, 1510 (1902) , see also D R P. 
No. 141346 (1902) 
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Isomtrosoacetone — Ahrens and Meissner i electrolyzed 
isomtrosoacetone, CH3COCHNOH, in sulphuric-acid solution 
to obtain amidoaeetono However, a poor yield of dimethylpy- 
razine, C6H8M2 (ketine) was obtained. 

Methylethylketone. — This substance, reduced at a lead 
cathode in the same manner as acetone by Elbs anti Brand, 2 
gives very unfavoiable results in alkaline solution. In sul- 
phuric-acid solution, although the yield is insufficient, there 
were obtained the modification of methylethylpinaeone melting 


at 50 °, 

CHsv /CH3 

>C(OH)-C(OHK 
C2H5/ \C2Ii6, 

and secondary butyl alcohol, CH3CH(OH) CH2 CH3. 

Acetylacetone. — This is said to pass, m alcoholic solution, 
into tetracetylethano (Mulliken 


CH3 - CO. CHgCO. /CO - CHg 

2 >CH2= - >CH-CH< +II2. 

CH3 - CO/ CH3CO/ ^CO - CH3 


The substance therefore breaks uji into H‘ and (CH3CO)2CH'; 
the anions unite at the anode to the resulting compound. 

Acetylacetondioxime, in a 30% sulphuric acid at a lead 
cathode, is converted into dimethylpyrazolidine and 2.4-dia- 


minopentane (Tafel and Pfeffermann ^). 
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CH 3 

CHa 

1 

CH 3 


Acetylacetonedioxime Dimethylpyrazolidme, Diammopentane 


Pyrazolidine is the chief product 

^ Ber d deutsch chem Oesellscli 30, 532 (1897). 
^ Ztschr f Elektrochemie 8, 786 (1902) 

® Amer Chem. Journ, 15, 323 (1893) 

* Ber d deutsch. chem Gesellsch, 86, 219 (1903) 
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6 Acids 

While the substances thus far discussed are active only as 
depolarizers, but not as electrolytes, the conditions are different 
in the case of acids and their salts These are primarily elec- 
trolytes; their ions take care of the current conductivity and 
are first separated or brought into reaction at the electrodes. 
In general, hydrogen ions are discharged at the cathode when 
acids form the electrolyte, and metal ions in the case of salts; 
acid-radical ions are discharged at the anode The latter have 
the form RCOO and are subject to a series of reaction possi- 
bilities. By reacting with water the acid is again regenerated,, 
oxygen being evolved 

RCOO + H2O - RCOOH + OH 

Often, however, two anions unite, carbon dioxide being split off: 

2RC00=R2+2C02, 

wherein, if R is a hydrocarbon radical, like methyl, ethyl, etc , 
hydrocarbons are formed having double the number of carbon 
atoms contained in the radicals united with the carboxyl 
group Thus ethane is synthecized from acetic acid This 
simple form of reaction is often not the predominating one, 
which will be explained more fully under the separate sub- 
stances. 

An acid can often develop acid properties at other than the 
carboxyl groups, e g. hydroxyl and methylene groups. In 
that case there must occur the corresponding ions which are 
able to direct the reaction in entirely different channels from 
those mentioned Thus, as is well known, the methylene group 
placed between two carboxyl or ester groups is capable of 
forming salts Such salts as, for instance, sodium diethyl- 
malonic ester, behave, on electrolysis, in a manner analo- 
gous to that of the salts of carboxylic acids. By determining 
their conductivities, Ehrenfeld ^ has rocentlv proved that the 
^ Ztschr f Elektrochemie 9, 335 (1903) 
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piethylene groups of succinic acid, nialonic acid, and gluianc 
acid are capable of forming hydrogen ions 

The first successful experiments in the electrolysis of ali- 
phatic carboxyhc acids were made by Kolbed Tht'se expc'ii- 
ments aie supplemented by the researches of Kc'kule,^ Brown 
and Walkei,3 Mulhken,^ and Weems,® who amplified our knowl- 
edge regarding this subject which, still furthei mwstigatcd 
in the most varied directions by a number of iiu'ostigators, 
has yielded valuable results 

Carbonic Acid. — Carbonic acid deserves mention here be- 
cause it can be converted electrolytically into formic acid 
Royer ® observed its formation at zinc and zinc-amalgam elec- 
trodes in the electiical reduction of carbonic acid dissolve'll 
in water, a current of the gas being conducted through the latter 
during electrolysis Klobukow’' was likewise able to prove 
the presence of formic acid in watei which was eli'ctrolyzed 
and through which a current of carbonic-acid gas was jiussed 
Lieben®has made extensive experiments on the reductivity 
of carbonic acid. He obtained fornuc acid as the sole reduction 
product of carbonic acid. The supposition of Bach ® that 
formaldehyde must also be formed is false. The formation 
of formaldehyde was never proved Quite rccentlj' Coehu 
and Jahn^o have shown that formic acid is the only 
tangible reduction product They suceeedetl in obtaining 
quantitative current yields, using carefully prc'pared amal- 
gated zinc electrodes, as already previously employe'd by 
Royer, and using a cold saturated potassium-sulphate solution 
as electrolyte. According to Constam and Hansen, potassium 

, .f 257 (1849), H3, 241 (1860) 

abid 131,79(1864) 

» Ibid 261, 107 (1891), 274, 41 (1893) 

* Amer Chem, Journ 15, 523 (1893), 

6 Ibid 16, 569 (1894) 

« Compt, rend 70, 731 (1870). 

^Journ f prakt Chem [2] 34, 126 (1887) 

® Monatshefte f Chem 16, 211 (1895), 18, 582 (1897), 

» Compt rend 126, 479 (1898). 
i^Ber d deutsch chem Gesellsch 37, 2836 (1904) 

Ztschr f Elektrochem 3, 137 (1896), 3, 445 (1897). 
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percarbonate is formed when a saturated solution of potassium 
carbonate is electrolyzed at —10° to —15°, particularly at a 
high current density, the amons KCOs uniting when set free : 


2KC03 = K2C206 = 


KO 

0 ^ 




%o 

KQ/ 


The potassium salt is precipitated as a blue powder. It has 
not been possible to isolate other salts and free percarbomc 
acid The experiments of Salzer,^ however, indicate that the 
free acid may occur perhaps intermediately He proved the 
presence of active oxygen in a solution of potassium bicarbonate 
through which was passed a contmuous current of carbonic- 
acid gas. 

1 Monobasic Acids, C^H 2n02. 


Formic Acid. — This acid and its salts have been the sub- 
jects of thorough electrolytic investigations. These were 
carried out chiefly by Brester,^ Renard ^ and Bourgoin,^ Bar- 
toh and Pkpasogli,^ Jahn,® etc 

The progress of the decomposition is accompanied by the 
evolution of carbon dioxide and oxygen at the positive pole 
and hydrogen at the negative pole The quantitative relations 
of the decomposition products vary with the concentration of 
the solution and the density of the current. The reactions 
occur according to the following equations* 

HOOOH=HCOO+H, 

2HCOO + H 2 O - 2HCOOH + 0, 

HCOO + OH-H 2 O+CO 2 


^ Ztschr f Elektrochem 8, 902 (1902) 

2 Ztschr f Chem 60 (1866) 

3 Ann chim phys [5] 17, 289 (1878) 

^ Ibid [4] 14, 157 (1868) 

® Gazz chim 13, 22, 28 (1883) 

« Wied Ann (N. F ) 37, 408 (1889) 
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It is therefore theoretically impossible to effect the com- 
plete decomposition of the formic acid present. In the elec- 
trolysis of sodium formate, carbon dioxide and formic acid 
are in fact always formed at the positive pole and hydrogen 
and sodium hydroxide at the negative pole 

A sphtting up of the amons HCOO into H and CO 2 at the 
anode does not occur, since the oxidizing hydrox}'! ions spht 
off the hydrogen as water (Hofer and Moest i). The discussion 
of the other salts is unnecessary since their behavior is quite 
analogous. 

The dependence of the decomposition of formic acid upon 
the conditions of the experiment has been investigated by 
Petersen ^ and Salzer ® 

Petersen found that, if the solution was concentrated, the 
current strength exercised only a trifhng influence on the 
decomposition phenomena m the electrolysis of sodium formate 
Accordmg to Salzer’s researches, formic acid in sulphuric-acid 
solution cannot completely suppress the evolution of oxygen 
at a platmized anode Sodium formate is for the most part 
converted into carbonate, in neutral solution small quantities 
of percarbonate are also formed. 

Formic ester in sulphuric-acid solution is attacked only 
with difficulty in the cathode chamber (Tafel and Friedrichs ; 
acetic ester, cyanacetic ester, and phenylacetic ester, it may 
be remarked here, are not attacked at all. 


Acetic Acids. 

Acetic Acid. — Glacial acetic acid is a poor conductor of elec- 
tricity According to Lapschin and Tichanowitsch,® its de- 
composition when effected by 900 Bunsen elements yields at 
the anode carbon mon- and dioxide, and at the cathode carbon 

' Lieb. Ann 323, 284 (1902) 

3 Ztachr f phys Chem 35, 106 (1900) 

® Ztschr. f Elektrochemie 8, 893 (1902), 

^ Ber d deutsch chem Gesellsch 37, 3187 (1904). 

® Neue Peters Acad Bull 4 , 81 (1861) 
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and a small quantity of a gas the nature of which was not 
estabhshed. 

Bourgoin,! on electrolyzing the dilute acid, observed hydro- 
gen at the negative pole and oxygen, carbon dioxide, and traces 
of carbon monoxide at the positive pole 

The reactions involved in the decomposition of the alkali 
salts are more interesting. Kolbe,^ on decomposing a concen- 
trated solution of potassium acetate, obtained a hydrocarbon 
in addition to other decomposition products According to 
the idea then prevailing, acetic acid underwent oxidation m 
the sense that it was thereby changed mto carbon dioxide 
and methyl, both of which appeared at the positive pole, while 
at the negative pole only hydrogen was evolved, and a part 
of the methyl was oxichzed to methyl oxide. The hydro- 
carbon evolved was in fact ethane, which always accompanies 
the decomposition of potassium-acetate solutions, while the 
other decomposition products formed vary with the density 
of the electric current and the temperature of the solutions. 
Thus Kolbe identified methyl ether and methyl acetate in 
the solution, while Bourgoin observed no decomposition products 
other than carbon monoxide and dioxide Jahn,^ who em- 
ployed currents of very low electrode density, obtained by the 
electrolysis of an almost saturated solution of sodium acetate 
only carbon dioxide, ethane, and hydrogen. The formation 
of ethane can be explamed by assuimng either the direct oxida- 
tion of the acetic acid, 

or the decomposition of the anion, 

CHsCOO'V TT j_9pr\ 

CH3COO / +2C02. 


^ Ann chim phys [4] 14, 157 (1868) 
®Lieb, Ann 69.279 (1849). 

Grundnss d Elektrochemie (1895), 292 
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Kekule ^ advanced a theory based upon the phenomena of 
decomposition, and from this deduced certain formula) which 
make it possible to predict the nature of the products resulting 
from the electrolysis of monobasic and dibasic acids of the 
fatty-acid series Smce, however, the reaction is influenced 
by the slightest variation of conditions, his formulae hold good 
only m the case of the decomposition of perfectly pure sub- 
stances, a condition seldom met with in practice 

Lob 2 IS in favor of acceptmg in certain cases the theory 
advanced by Kekul4, who sought by experiments to prove the 
intermediate formation of the anhydride, while Schall ^ assumes 
the formation of an acid superoxide . 

R COO 

2RCOO = 

R COO 

R-COO 

=R-R+2C02. 

R COO 

This conclusion is drawn from the observed fact that the 
dithionic acids, on the electrolysis of their alkali salts, actually 
give acid supersulphides which correspond with the superoxidos: 

R-CSS— +R CSS— =R CSSv^ 

R-CSS^’ 

In contrast to the acid superoxides, the acid supersulphides 
are stable compounds 

Bourgoin draws the following concliwions from his experi- 
ments He considers the intermediate anhydride formation 
as the most important process in the electrolysis of organic 
acids, this brings about the secondary oxidation processes, 
oxygen being given off He also considers as secondary reac- 
tions the transition from the acid anhydride to the hyilrato 
with the taking up of water, and the oxidation of acids by the 
oxygen derived from the acid itself. This explanation agrees 

* Lieb Ann 131, 70 (1864) 

* Ztschr f Eleotrochemie 8, 43 (1896) 

* Ibid. 3, 83 (1896) 
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with the fact that water is a weak electrolyte and serves prin- 
cipally as a dissociating medium The typical processes in 
the electrolysis of acetic acid are hence the followmg ’ 
Electrolytic decomposition 

/CHsCOv \ 

2CH3COOK = +0 +2K. 

VCHaCO/ / 

Characteristic oxidation 


CHs-COv 

CHs'-CO' 


O + 0 = 2 CO 2 "h C2H6- 


Kolbe and Kampf/ on electrolyzing a concentrated potassium- 
acetate solution, obtained at the anode acetic methyl ester, 
formic methyl ester, ethane, ethylene, and carbon dioxide, 
and at the cathode hydrogen and potassium hydroxide. In 
an alkaline solution of the salt Bourgom^ obtained, amongst 
other products, sodium formate (by reduction of the carbonic 
acid); but so far as hydrocarbons were concerned he could 
only prove the presence of ethane and ethylene 

Besides the alkali salts, the copper, lead, manganese, and 
uranium salts were subjected to electrolysis by Dupre, ^ Wiede- 
mann,^ Despretz,^ and Smith ® The metals were precipitated 
on the cathode, a portion of the manganese and lead in the form 
of superoxides 

Elbs,*^ by the electrolysis of lead diacetate in glacial-acetic- 
acid solution, obtained at the anode crystalhzed lead tetracetate 
2(CH3C00) 2Pb == Pb + (CH3COO) 4Pb 
Fused potassium acetate, according to the experiments of 
Lassar-Oohn,® yields at the cathode methane, hydrogen, and 


^ Journ prakt Chem [2] 4, 46 (1871) 

^Ann chim phys [4] 14, 157 (1868) 

^ Arch d scienc phys et nat (Geneva) 85, 998 (1871) 

^Poggend Ann 104, 162 (1858) 

5 Compt rend 45, 449 (1857) 

® Amer Chem Journ 7, 329 (1885) " Electrochemical Analysis (Smith) , 
p 94 

^ Ztschr f Elektrochemie 3, 70 (1896) 

8 Lieb Ann 251, 358 (1889) 
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carbon; at the anode carbon dioxide This result has recently 
been substantiated by Berld who also proved by special experi- 
ments that this decomposition is the result of the action of 
the potassium, set free cathodically, on the fused pbtassium 
acetate 

Very careful and comprehensive experiments on the elec- 
trolysis of the alkali salts of organic acids have very recently 
been made by Petersen ^ The latter made exact analyses of 
the gases occurrmg at the electrodes and thereby obtained an 
insight into the quantitative course of the reactions, and deter- 
mined their nature 

Petersen 3 was enabled to wholly confirm the earlier state- 
ments regarding the electrolysis of acetic acid by Muriay,^ 
who investigated the influence of the concentiation, current 
strength, and temperature upon the course of the electrolysis 
and found, like earlier investigators, carbonic acid, oxygen, 
hydrogen, ethane, and methyl acetate. Murray disputes only 
the occurrence of ethylene which Kolbe and Kampf declare 
they found. 

Petersen, however, clearly proved the presence of the 
latter in small quantities, and expressed the decomposition of 
acetic acid by the following equations. 

I. 2CH3C00H=2CH3C00+H2 

II. 2CH3COO 4 H2O == 2CH3COOH 4- 0 

III. 2CH3C00=C2H6+2C02. 

IV. 2CH3COO=CH3COOCH34-C02. 

V. 2CH3C00+0=C2H4 4-H20+2C02. 

In general, equations I and III predominate; V is always 
only traceable. 

Hofer and Moest ® report upon the formation of alcohols in 
the electrolysis of salts of fatty acids. 

‘ Ber d. deutsch chem Ge^ellsoh 37, 325 (1904) 

' Ztschr f phys Chem 33, 90, 295, 698 (1900). 

'Ibid 108 (1900). 

* Joum. of the Chem Soc 61, 10 (1892) 

‘ Lieb. Ann. 323. 284 (1902). D R. P. No 138442 (1901). 



ELECTROLYSIS OF ALIPHATIC COMPOUNDS 83 

They found that copioxis quantities of methyl alcohol, but 
no perchldric acid esters, were produced by the electrolysis of 
a mixture of sodium acetate and sodium perchlorate The 
reaction takes place in the same manner as in the case of some 
homologues of acetic acid, and it was found that an addition 
of alkali sulphate or carbonate acts like the perchlorate 

The general nature of, the reaction is that the carboxyl 
group is replaced by hydroxyl, so that an alcohol is formed 
ha v in g one carbon atom less than the acid, thus methyl alcohol 
is obtamed from acetic acid : 

CH 3 COO + OH =CH 30 H +CO 2 

The hydroxyl ion can be derived from the water, or be formed 
in the regeneration of the inorganic acid acting as electrolyte: 

C104 + H0H=HC104+0H. 

The formation of methyl alcohol can hence be formulated as 
follows 

CH 3 COO +CIO 4 +H 2 O =CH30H+HC104+C02 

If the electrolysis is carried out between platmum electrodes 
without diaphragms but with contmual stirrmg, up to 90% 
of the theoretical yield of methyl alcohol can be obtained from 
acetic acid and the above-mentioned inorganic salts 

The method can also be employed m the preparation of 
formaldehyde, since the methyl alcohol on further oxidation 
is converted into formaldehyde (see p 58) 

Quite recently Forster and Piguet ^ have investigated the 
electrolysis of potassium acetate, using various anodes In 
the earlier experiments polished platinum had served as the 
anode Iridium gives the same results as platinum; with iron 
and palladium anodes, however, not a trace of ethane is formed, 
but essentially an evolution of oxygen occurs besides the 
oxidation of the acetic acid to carbon dioxide At platimzed 
platinum electrodes there occurs, depending upon the current 
tension, either an evolution of oxygen and oxidation to carbonic 
acid (no ethane being formed), or ethane is produced, with 


1 Ztschr. f Elektrochemie 10, 729 (1904) 
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very little evolution of oxygen and a very considerable oxida- 
tion of the acetic acid to caibon mon- and dioxide 

Forster and Piguet recognize three processes 

1 Evolution of oxygen 

2 Oxidation of the acetic ester formed to carbon dioxide 
or carbon monoxide 

3 Formation of ethane 

They find that the anode potential determines the effect. 
The first reaction, which occurs predominatingly at iron and 
palladium electrodes, requires the lowest potential "ITith 
platinized platinum electrodes the potential lies higher, the 
oxidation action can exceed the evolution of o.xygen, and with 
a particulaily high potential, which is obtained by prepolaiizing 
the platinized anode, ^ ethane is produced With polished plati- 
num and iridium anodes the potential is still higher than with 
prepolarized platinized platinum anodes Thus the production 
of ethane predominates over the oxidation of acetic ester 

Regular fluctuations of the anode potential, which often occur 
in electrolysis, seem to point to the formation of transition 
resistances by intermediately occurring phases of poor conduc- 
tivity (acetic acid, acetic anhydride) 

, The presence of free alkali is always injurious to the pro- 
duction of ethane The evolution of oxygen at platinized plati- 
num increases with increasing alkalinity and decreases at 
pohshed anodes, while the oxidation of acetic ester increases. 

Hofer and Moest ^ call attention to the great part which 
the production of the methyl alcohol demands in the oxida- 
tion effects, and which Forster and Piguet have neglected to 
point out. They formulate the principal processes in the 
following manner • 

2 CH3 ; COO' ' 

OH': Q2+-CH3OH+CO2, 

3 CH3 : COO' 

• CH3C00' ; ©2 + = CH3C00CH3 + CO2. 

^ S, Friessner, Zeitschr f Elektrochem 10, 270 (1904), 

2 Ztschr f Elektrochem 10, 833 (1904) 
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An impartial decision has not yet been given as to whether 
the ethane production depends upon a direct union of the 
anions or upon the oxidation of an intermediate product, 
like acetic acid, acetic anhydride, or acetyl superoxide. 

Monochloracetic Acid, according to Kolbe,^ is reduced to 
acetic acid, hydrochloric acid being spht off^ at the same time 
free chlorine is evolved (Bunge 

Sodium Dichloracetate ^uelds, besides carbon mon- and dioxide 
and oxygen, a vel’y easily decomposable oil containing chlorine, 
whose nature has not yet been made clear (Troeger and 
Ewers 

TnchloraceUc Acid was electrolyzed by Elbs and Kratz ^ 
as sodium or zinc trichloracetate Trichloracetic tnchlor- 
methyl ester was formed 

2CCI3COO = CCI3COOCCI3 +2CO2 

Potassium Cyanacetate — With this Moore ^ obtained at the 
positive pole carbon dioxide, besides traces of nitrogen and 
ethylene cyanide, at the negative pole hydrogen and potassium 
hydroxide, bodies analogous to those obtained in the decom- 
position of sodium acetate 

Thioacetic Acid — On electrolysis this gives acetyl disul- 
phide at the anode (Bunge 

2CH3C0SH=CH3C0S 

I +H2. 

CH3COS 


' Lieb Ann 69, 279 (1849) 

^Jorn russ chem Gesellsch 1, 690 (1892), see also Troeger and Ewers, 
Journ f prakt Chem 58, 121 (1898) 

^ Journ f prakt Chem 58, 121 (1898) 
nhid [2] 55, 502 (1897) 

®Ber d deutsch chem Gesellsch 4, 519 (1871). 
e Ibid 3, 297 (1870). 
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Propionic Acids. 

Propionic Acid. — The electrotysis of a concentrated solution 
of sodium propionate was carried out by Jahn ^ and, when 
density of the currents employed was not too great, Yielded 
hydrogen, ethylene, and carbon dioxide, but little butane, 
the quantity of which further decreased when the electrolyte 
was diluted This result Petersen ^ confirmed The evolution 
of oxygen increases as the butane yield decreases The amount 
of ethylene increases with increased dilution up to a maximum, 
which is reached at a concentration of the electrolyte corre- 
sponding to about 14% potassium propionate On fuither 
dilution it again decreases. Petei son ^ also found that eth}'! 
propionate is always produced, corresponding to the analogous 
process in the case of acetic acid He expresses the course of 
the electrolysis by the following equations' 

I. 2C2H5C00H = 2C2H5C00 + H2. 

IL 2C2H5C00 + H20 = 2C2H.5C00H + 0. 

III 2C2H5COO = C4Hio+2C02 

IV 2C2H5C00 = C2H5C00C2n5 + C03 

V 2C2H5C00 + 0=2C2H4+H20 + 2C02 

Mhler and Hofer ^ have been successful in introducing 
iodine into propionic acid by electrolyzing an aqueous solution 
of sodium propionate and potassium iodide. 

Ethyl alcohol can be obtained in small quantity from 
sodium propionate and sodium perchlorate in concentrated 
solution (Hofer and Moest*) in the same manner as methyl 
alcohol and formaldehyde are formed from acetic acid and 
perchlorate; , 

CsHsCOO+OH^CsHeOH+COa. 


' Wied Ann (N F) 37, 430 (1889), see also Bunge Chem Centralblatt 1, 
382 (1890). 

“Ztschr f phys Chem 83, 110 (1900) 

* Ber d deutsoh. chem Gesellsch 28, 2436 (1895) 

< Lieb Ann 323, 284 (1902). 
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Acetaldehyde is formed as the oxidation product of the latter. 

Sodium a-Dichlorpropionate behaves analogous!}^ to sodium 
trichloracetate (Troeger and Ewers There is formed; 
besides carbonic acid and oxygeU; the crystalline a-dichlor- 
propionic a-dichlorethyl ester 

2 CH 3 CCI 2 COO-CH 3 CCI 2 COOCCI 2 CH 3 +CO 2 

Sodium ^-lodopropionatej according to the last-named 
investigators; yields a little iodoform besides iodine; the gases 
formed are principally caibonic acid. Carbon monoxide and 
oxygen occur only in small quantity 

Butyric Acids. 

Butyric Acids. — The two butyric acids were eiectrolyzed 
by Bunge ^ W ith isobutync acid it was not possible to obtam 
hexane; but the noimal acid yielded some butane besides larger 
quantities of piopylene 

Careful and reliable investigations on the electrolysis of 
the potassium salts of butyric and isobutync acids have been 
published by M. F Hamonet^ His apparatus consisted of a 
copper beaker 23 cm high and 8 cm m diameter, which served 
as the cathode. A porous earthenware cell, which contamed 
the anode and was closed with a three-hole stopper, stood in the 
beaker. The perforations in the stopper held a thermometer, 
a gas-delivery tube, and the electric conductor leading to the 
anode The anode used in some experiments was a platinum 
wire 1 mm in diameter and 2 m in length, in others a platinum 
cylinder 14 cm high and 2 5 cm m diameter This variation 
of current density was, however, of secondary importance. 
Solutions of the potassium salts having a specific gravity of 
1 08-1 19 were used as the electrolyte. Current strengths of 
4-5 amp were reached with a difference of potential at the 
poles of 6~9 volts. The electrolysis was continued 2-3 hours. 


^ Journ f. prakt Chem 58, 121 (1898) 

^ Jourix f russ phys Gesellsch 21, 525 (1889). 
3 Comp rend 123, 252 (1893) 
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the- solution being kept cool. The following results were ol>- 
tained • 

Potassium Butyrate, 

CHa-CHa CHa-COOK, 

yielded 225 g propylene bromide (CHa CPIBr-CHaBr), cone- 
sponding to 47 g propylene (CHa— CH =CH2) ; 18 gr. isopropyl 
alcohol (CHa-CHOH CHa), 45 g butyric isopropyl ostei 
(CHa -CHa CH2-COOCH(CH3)a) , and 45 g complicated pi od- 
ucts, which became resinous when the ester was saponified by 
boiling with alkali hydroxide. Hexane (CHa CHa CHa CII3 
•CHa CHa), and propyl alcohol (CH3 CHa CHaOH) could not 
be detected They could, therefore, have been formed only 
in trifling quantity. 

The very remarkable formation of isopropyl alcohol can 
only be explained by assuming the hydration of projiylcmc 
or the molecular rearrangement of the group CH3CH2CH2 — . 

Potassium Isobutyrate, 

(CH3)2-CH.C00K. 

This salt gave 300 g. propylene bromide (CHa • CHBr • CHaBr) 
equivalent to 62. g propylene (CHa-CH.CHa) ; 26 g. isopropyl 
alcohol, (CH3)2.CH-0H; over 12 g. isobutyric isopropyl ester, 
(CHa ) 2 CH-COO CH.(CHa) 2 , and 6 g. of an oil having a 
pepper-like odor and boihng at 130°-150°. 

In this case also the parafiin isohexane (CHa) 2 : CH • CH : (CHa) 2 
was not formed. 

Hamonet draws the following conclusions from these results: 

1. The equation 


2C„H2„+i -COO =C2„H4„+2 +2CO2, 

representing the reaction in the electrolysis of the alkali salts 
of the fatty acids, which since the experiments of Kolbe has 
been almost universally accepted, can no longer claim to repre- 
sent the truth in the case, since no or almost no paraffins result 
from this operation. 
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2 The olefine C„H2» sometimes predominates among the 
products formed by the electrolysis of the alkah salts of the 
fatty acids, 

C„H2„+iCOOK 

The general nature of the reactions is represented bv the 
followmg equation. 

2 C«Il 2 n+ 1 COO = C»H2«+ 1 • COOH + CreH2» + COg 

3 . An alcohol with n carbon atoms is always formed if 
the acid contains (n + 1) carbon atoms. The structure of the 
alcohol IS not always that which is expected. Frequently 
more than a third of the energy of the current is expended m 
the formation of the alcohol Whether the alcohol is generated 
by the sapomfication of the ester present, accordmg to the 
equation 

2C„H 2n+l * COO=C„H 2n+ 1 • C00C„H2 „+i+C02, 

or whether it is formed by the hydration of the olefines, 
C„H2„+H20=CreH2n+i0H, is still uncertain. (Compare the 
explanation of Hofer and Moest, p. 84 ) 

A more thorough investigation of the substances resulting 
from the electrolysis of compounds possessing higher molecular 
weights IS yet wanting 

Petersen ^ was able to obtain n-hexane and propyl butyrate 
in small quantity from butyric acid, from isobutyric acid he 
got diisopropyl (isohexane) m addition to the products observed 
by Hamonet. 

If butyric acid is electrolyzed with perchlorate, accordmg 
to the procedure of Hofer and Moest,^ hexane is the prepon- 
derating product; there are also obtained propyl alcohol and 
its oxidation product, propionic aldehyde: 

CH3CH2CH2COO +OH =CH3CH2CH20H +CO2. 


‘ Bull d I’Acad roy. deDaaemark (1897) 397; Ztschr. f phys Chem. 3%. 
115 (1900). 

•1 c. . 
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Isobutyrie acid yields, accordingly, isoprop}'! alcohol and 
acetone 

Tnchlorbutync Aad — Accoidmg to Trooger and Ewer^,! 
a tetrachlorhexyleneglycol is formed at the anode irom sodium 
a'a^S-tnchlorbutyrate The authors assume the following equa- 
tions from this process: 

I 2CH3 CHCl -0012 000 = 

CHa-CHCl 0012-0012 OHOl OH3 + 2CO2. 

II OHs OHOl OOI2-OOI. OHOl OH, +211,0 
= OH30HOH OOI2 OOI2 OHOH-CH.,+2nC' 

Accordingly, a hexachlorhexane would be first formed m 
a normal manner, OO2 being split off, secondarily, the' two veiy 
mobile /?-chlorine atoms would be torn away by wutc'r, hydro- 
chloric acid and tetrachloihexyleneglycol resulting. 

Valenc Acids. 

Valeric Acids. — Kolbe^ electrolyzed tlie potassium salt of 
isovaleric and in concentrated aqueous solution and obtained 
as chief product octane (dissobutaiie) ‘ 

OHsv /OH, 

>0H-0H2 OH2 CH< 

CH3/ \CII3 

Besides this there appeared as decompo.silion products 
hydiogen, carbonic acid, butylene, and the butyl ests'r of vah'ric 
acid. 

Brester,^ who performed his exjieriments under dilTt'n'iit 
conditions, obtained at the anode a gaseous mixture of carbon 
dioxide, butylene, and oxygen. 

Petersen ^ subjected the behavior of both acids to a thorough 
investigation. He established the formation of normal octane 
and butyl valerate in the decomposition of n-valmc acid; among 


^Journ f prakt Chom 59,404 (1899) 
^Lieb Ann 69,257 (1849). 

®Jahresb f Chem 86 (1859), 757 (1860). 
^Ztschr f phys Chem SS, 295 (1900), 
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the evolved gases butylene and also hydrogen and oxygen 
were foimd A small quantity of butyl alcohol, wluch was fur- 
ther oxichzed to butyric aldehyde, was also formed by the 
saponification of butyl valerate 

The oil which is formed m the electrolysis of potassium 
isovaleiate is composed of diisobutyl and trimethylmethyl 
isovalerate, besides a small quantity of isobutyl isovalerate 
and isobut3''ric aldehyde By saponification of the ester, tri- 
methjdcaibmol accompanied by a trifhng quantity of isobutyl 
alcohol IS found in the solution 

/?- butylene and isobutylene could be detected in the evolved 
gases 

Petersen adduces the followmg equations of reactions as 
the predommating ones 

'I 2(CH3)j CH CH 2 C00H=2(CH3)2 CH CHs-COO+Hs; 

II 2(CH3)2 CH-CHs COO+H 2 O 

=2(CH3)2 CH CH 2 COOH + 0; 
III. 2(CH3)2 CH CH 2 C00=[(CH3)2 CH CH2]2+2C03; 

IV 2(CH3)2 CH CH 2 COO 

= (CH3)2 CH CH 2 COO C (CH3)3+C02,' 

V 2(CH3)2 CH CH 2 COO + 0 

= (CH3)2 C CH2+CH3-CH CH-CH3+H20+2C02- 

To the above may be added the following equations of mmor 
importance 

VI (CH3)3 CH-CHs-COO C'fCH3f3+H20 

= (CH3)2 CH-CH2 C00H + (CH3)3 COH; 
VII. (CH3)2 CH CH 2 COO CH 2 CH (CH3)2+H20 

= (CH3)2 CH CH2C00H + (CH3)2 CH-CHsOH; 
VIII. (CH3)2 CH CH20H+0 = (CH3)2'CH-C0H+H20 

Even this complicated scheme cannot claim to be complete. 
Probably some entirely different reactions which have thus 
far not been elucidated, occur also Considerable differences 
between the yields theoretically expected and those actually 
obtained pomt to such a supposition. 
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Trimethylacetic Acid (Pivahc acid ) — the thud of the' viileiic 
acids — ^has also been investigated by Petersen It yields 
tnmethylcarbinol and probably hexamethylethane, besiih's an 
isomeric body, and also two isomeric butylenes, isobutylene 
predominating with perhaps also /?-butylcne Aldehyde is not 
formed, neither is an ester formed 

The pnncipal processes taking place are the following. 

I 2C(CH3)3C00H=2C(CH3)3C00+H2; 

II 2C(CH3)3C00 +H2O =2C(CH3)3C00H + 0, 

III 2C(CH3)3C00=C(CH3)3 C(CH3)3+2C02, 

IV 2C(CH3) 3COO + 0 = 2(CH3) 2C • CH2 + HoO + 2OO2. 

The tnmethylcarbinol, a secondary product, is probably 
formed^ by the addition of water to the i.sobutylene 

The electrolysis of these three isomeric aeuls afforils thus 
‘Consideiable qualitative differences in the results Summing 
up the whole matter, it can be said that the electrolysis of a 
valeric acid gives octane, butyl valerate, butylene, butyl alco- 
hol, and butyric aldehyde. 

1. The normal valeric acid yields normal compounds exclu- 
sively 

2 Isovaleric acid gives diisobutanc, trimetliylmethyl iso- 
valerate, and tnmethylcarbinol, also a little isobutyl isoval- 
erate, isobutyl alcohol, and isobutyric aldehyile, and, finally, 
two isomeric butylenes, isobutylene and /3-butylene. 

The products resulting from the electrolysis of trimethyl- 
acetic acid have been summarized above 

The fourth isomeric valeric aMd (active), ethylmethylacetic 
acid, has not yet been investigated. 

n-Caproic Acid. — concentrated vSolution of the potassium 
salt gave decane, and traces of the amyl ester of caproic acid, 
both of which are normal decomposition products. The 
electrolyses were made by Brazier and Gossleth,^ and by Wurtz.® 


* Ztschr f phys. Chemie 33, 716 (1900), 

* Lieb Ann 75, 265 (1850). 

'Ann dnm. phys, [3] M, 291 (1855). 
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The electrolytic relations m the decomposition of caproic 
acid were investigated by Rohland/ who electrolyzed the alkali 
salt He obtained normal decane, C10H22 

Petersen ^ investigated the electrolysis of potassium capro- 
ate on a larger scale. The oil which separated durmg the 
passage of the current consisted of normal decane, a httle 
amyl caproate and amyl alcohol, a trifling quantity of amylene, 
and an aldehyde, probably CH3(CH2)3COH. The greater 
quantity of the amylenes formed during the electrolysis 
was found in the gaseous mixture; isopropylethylene, 
(CH3)2CHCH CH2, was probably present with the normal 
amylene, CH3CH2CH2CH CH2 

n-Heptylic Acid, Oenanthylic Acid. — ^The normal acid was 
electrolyzed by Brazier and Gossleth,^ imder conditions similar 
to those for caproic acid, and gave two hydrocarbons, 
C12H26 and C12H24, in addition to hydrogen, potassium car- 
bonate, and acid potassium carbonate. 

On electrolyzing a concentrated solution of potassium 
n-heptylate, Rohland ^ obtained, besides dodecane, C12H26, a 
small quantity of a mixture of unsaturated hydrocarbons of the 
series C„H2n boiling at 145°. 

n-Caprylic Acid. — Rohland ® electrolyzed a concentrated 
potassium-salt solution of this acid and obtained the hydro- 
carbon tetradecane, C14H30 

Pelargonic Acid, under similar conditions, gives the hydro- 
carbon dioctyl 

The formation of olefines, in the electrolysis of aliphatic 
monocarboxyhc acids, depends, perhaps, not upon an oxidation 
process. 


2C„H2„+iCOO +0 = 2 C„H 2 n +H2O +2CO2, 


1 Ztschr f Elektrochemie 4, 120 (1897) 

2 Ztschr f phys Chem 38, 317 (1900). 

3 Lieb Ann. 75, 265 (1850) 

* Ztschr f, Elektrochemie 4, 120 (1897). 
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but upon a mutual reaction of the anions, analogously to that 
which causes the formation of saturated hydrocarbons 

I. 2C„H2„+iC00=C2«H4„+2+2C02; 

IL 2C„H2«+iCOO =C«H2»+iCOOH +C„H 2n +CO 2 . 

The occurrence of secondary or tertiary alcoliols depends 
presumably upon the addition of water to tlie olefines: 

CnH2n + H20 =CnH2n+lOH 

According to Petersen, ^ the equations exiiressing the general 
decomposition of aliphatic acids aie the following 

I 2C„H2„+iCOOH=2aH2„+iCOO+H2; 

II. 2CnH2„+iCOO + H 2 O = 2C„H2„ + 1 COOH + 0 ; 

III. 2CnH2n + lC00=C2„H4„+2+2C02, 

IV. 2 C„H 2 „+iCOO =aH2„+iCOOC„H2n+i +CO 2 ; 

V. 2C„H2„+iCOO = C„H 2 „+iCOOPI+C„H 2 „ +CO 2 , 

VI. C„H2„ + H 2 O =C„H2n+lOH, ) 

VII. C„H2„+C„H2„ + lCOOH=C„H2„+lCOOCJl2„ + l.f <cr.'urv 

Of the unsaturated monocarboxylic acids, unrlecyknic ocid 
and oletc add have been investigated by Rohlantl- Botii 
yielded, on electrolyzing their potassium .salts in aqueoirs solu- 
tion, a mixture of unsaturated hydrocarbons, the nature of 
which was not determined. 

Electrolysis of Mixtures. — ^Wurtz ® was the first to conceive 
the extremely fruitful idea in electrosynthesis of making .syn- 
theses of substances with mixed radicals by electrolyzing two 
components. After discovering his hydrocarbon synthesi'.s, 
which depends upon the action of sodium upon alkyl iodides, 
and the use of the method in the preparation of “mi.xed radi- 
cals ” from two different alkyl iodides, he also tried to obtain 


Ztsehr. f phys. Chem. S3, 720 (1900). 

"1 c 

» Ann chim. phys. [3] 44, 275 (1856); Jahresb f, Chem. 1855, 575. 
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mixed hydrocarbons by electrolyzing the salts of fatty acids, 
using Kolbe^s hydrocarbon synthesis 

RiCOO +R 2 COO =RiR2 + 2 CO 2 . 

The successful results of these experiments prompted various 
investigators to select, as the materials for the staitmg-point 
of their electrolysis, mixtures of substances whose electrolytic 
intermediate products could mutually react v. Miller and Hofer 
made use of these forms of reactions m the fatty-acid senes 
for accomplishing the syntheses of acids. Lob in a similar 
manner prepared mixed azo-compounds in the aromatic senes 
The following are the experiments made by Wurtz 

Potassium acetate and potassium cenanthylate yield trifling 
quantities of heptane (methylcaproyl, Wurtz) 

CH3C00+C00-(CH2)5 CHs^CHs (CH2)5 CH3-f2C02 

Potassium valerate and potassium cenanthylate give the ex- 
pected mixed hydrocarbon, a decane, as chief product (butyl- 
caproyl, Wurtz) 

(CH3)2 CH CHs-COO + COO (CH2)5-CH3 

= (CH3)2 CH (CH 2)6 CH 3 + 2 CO 2 

There are formed also a little octane, dodecane, and im- 
saturated hydrocarbons 

In the following discussion the description of the electrolysis 
of mixtures is given under the heading of the highest hydio- 
carbon component, since the reaction in electrolysis depends 
upon the nature of the components of the mixtuies, thus 
the behavior of each separate component will then have been 
previously described 

II. Monobasic Alcohol- and Ketonic Acids. 

a Alcohol- {Hydroxy-) Acids 

While the acid anions of the unsubstituted aliphatic mono- 
carboxylic acids react preponderatingly by splittmg off carbonic 
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acid, without further oxidation of the radical united to the 
carboxyl group, the anion of the hydroxy-acids is regularly 
oxidized further. The extent of the oxidizing action depends, 
among other circumstances, to a great extent upon the con- 
centration. For example, glycollic acid in concentrated solu- 
tions is oxidized almost completely to formaldehyde, and to a 
less extent to formic acid and carbonic acid. By increasing 
the dilution carbon monoxide occurs in place of formaldehyde.^ 

I. CH20HC00+0H=CH20+C02+H20; 

II. CH20HC00 +30H=C0+C02+3H20. 

The substitution of methyl for hydroxyl does not affect 
the easy oxidability It is evident from the theoretical explana- 
tions given in the first chapter that the changes in concentration 
are of importance for the course of the reaction only in so far 
as they influence the anode potential. By artificially keeping 
the latter constant, the products must remain the same, being 
mdependent of the conditions of concentration In general, 
the following rules can be adduced for the electrolysis of 
oxy-acids (chiefly worked out by Miller and Hofer,^ and 
Hamonet ®) 

a-Oxy-acids are converted by electrolysis in concentrated 
solution into aldehydes or ketones If the solution is more 
highly diluted, the compound is oxidized to carbon monoxide. 

/?-Oxy-acids behave more like acetic acid; they are, at 
least partially, converted into glycols, or their ethers: 

I. 20H-C„HmC00=0H-C„H™.C„H„ OH+ 2 OO 2 ; 

II. 2RO • C„H,„COO = RO - • C„H,„ • OR + 2 CO 2 . 

In the case of dioxy-acids the oxidation affects both hydroxyl 
groups, the intermediate CHOH-groups being oxidized to 
carbon mon- or dioxide. 


^ Ber d, deutsch chem Gesellsch 27, 461 (1894). 
® Ibid. 

»Compt rend 182,259(1901). 
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The experiments of Miller and Hofer were made by passing 
the electrolyte m a slow stream through the cell (Apparatus, 
Pig 4 , p. 44 ). This made it possible to find decomposition prod- 
ucts which would otherwise have been changed by further 
electrolysis; a more complete expression of the course of the 
decomposition was thus obtained. It is to be regretted that 
the researches do not mention the necessary data regarding 
th^ electrical conditions. 

Glycollic Acid. — If a solution of 30 g. sodium glycollate in 
38 cc water is electrolyzed with a current strength of 1 amp , 
there are formed chiefly carbonic acid and formaldehyde, 
besides a httle carbon monoxide, formic acid, and oxygen 
(Miller and Hofer ^). Walker^ obtained aldehyde in the 
electrolysis of the sodium salt of ethyl glycollic ether. 

Methoxylglycollic Acid. — ^The electrolysis of its sodium salt 
was made by the same authors ^ and yielded formaldehyde, 
methylal, formic acid, and carbonic acid; in diWte solution also 
carbon monoxide and a httle methyl alcohol. 

A mixture of potassium glycollate and potassium acetate 
unites at the positive pole to form ethyl alcohol (Miller and 
Hofer 4 ) , some acetaldehyde is also formed by further oxida- 
tion. 


CH2(0H)C00 +CH3COO =CH3CH2(0H) +2CO2. 

Oxypropiomc Acids. 

Ordinary Lactic Acid. — ^As Kolbe ® had already discovered, 
the concentrated solution of the potassium salt gave carbon 
dioxide and acetic aldehyde. The investigators above men- 
tioned also observed the presence of some formic acid. When 
the solution surrounding the positive pole was kept slightly 


^ Ber d deutsch chem Gesellsch 27, 467 (1894). 
^ Joiirn Chem Soc 65, 1278 (1896) 

® Ber d deutsch chem Gesellsch 27, 469 (1894). 
^ Ibid 28, 2437 (1895) 
s Lieb. Ann 113, 214 (1860). 
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alkaline, aldol and crotomc aldehyde were formed in.'^tead of 
acetic aldehyde. 

Sarcolactic Acid, — When the solution surrounding the ])osi- 
tive pole was kept neutral, a concentrated solution of the sodium 
salt yielded acetic aldehyde and carbon dioxide 

Hydracrylic Acid (Ethylenelactic Aeitl =/3-oxypropionic Acid). 
— ^Resin and a little formic acid were foimd present in the 
electrolyte surrounding the positive pole. 

The potassium salt of the alcoholic amyl ether of this acid, 
the jS-amylox 5 rpropioijic acid, wa,s electrolyzed by Hamouet.^ 
It gave about 50 per cent of the theoretical }neld of 1 4-butan- 
dioldiamyl ether (diamyl ether of butylene glycol) . 

2C5HixO CHa CHgCOO 

= CsHiiO GHa CHs GIL, Gils OG.,!!,, +2G(V 

Glyceric Acid (Dioxypropionic Acid) — ^Thls acid <lecom- 
poses into carbon mon- and dioxide, formaklchydo, and formic 
acid (Miller and Hofer). 


Oxybixtyric Acids. 

a-Oxybutyric Acid (GII 3 GH 2 -CIiOr-I GOOTI).— This suli- 
stance was converted into carbon dioxide, propionic aldidiyde, 
and some formic acid (Miller and Hofer) . 

a-Oxyisobutyric Acid ((GH.‘5)2*GHOII-rOOII).— This com- 
pound, investigated in the same manner, was found to be par- 
tially oxidized at the anode to acetone. Much carbonic acid 
and a little carbon monoxide is also evolved. 

,9-Oxybutyric Acid (GH3-GH(OH) -GHa-GOOH).— From this 
acid were obtained in the positive electrolyte erotonie aldehyile 
and a little formic acid, also resinous substances. Considerable 
quantities of carbonic acid, also a little carbon monoxide and 
unsaturated hydrocarbons, are formed. The small quantities 
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of saturated hydrocarbons are derived probably from impurities 
in the acid (presence of acetic acid) 

p-Oxybutjxic Acid (CH2OH CH2 CH2 COOH). — ^Hamonet^ 
electrolyzed the alkali salt of /--isoamyloxybutyric acid in 
order to obtain symmetrical hexylene glycol, or its diamyl 
ether. The desired reaction did not take place; 


2C5C11OCH2 CH2 CH2 COO 

OCH2 (CH2)4 CH2OC5HU. 

jS-Methylglyceric Acid (a-|8-Dioxybutyric Acid (M. Pt. 74 - 
75 °) =CH3 CHOH CHOH COOH) —When the potassium salt 
of this acid is electrolyzed (Pissarshewski 2) it breaks up 
into carbon mon- and dioxide, formaldehyde, formic acid, 
acetaldehyde, acetic acid, and another substance havmg the 
property of reducing Fehling’s solution. This latter compound 
was not isolated. 

yCH COOH 

/?-Methylglycidic Acid, 0 <[ | behaves similarly. 

\CH CH3 


b. Ketonic Adds. 

P3n:oracemic and Isevulmic acid, i.e., an a- and a j'-ketonic 
acid are the only monobasic ketonic acids which have been 
electrolyzed The electrolysis of a representative of a /?-kotonic 
acid, acetoacetic acid, could not be carried out, on account of 
the instability of the free acid and its salts. The reactions 
take place partly in a manner similar to those occurring in the 
decomposition of acetic acid; the anions unite to form a dike- 
tone, carbonic acid being spht off, and partly in a further 
oxidation to acetic acid, with the occurrence of carbon mon- 
and dioxides. 


^ Compt rend 136, 96 (1903) 

2 Ztschr d russ chem phys Gesellscli 29, 289, 338 (1897) 
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Pyroracemic Acid. — Potassium pyroracemate gives (Hofer) ^ 
chiefly acetic acid and also a little diacetyl. 

I CH3 CO C00+0H=CH3C00H+C02, 

II. 2CH3-CO C00=CH3-C0 CO CH3+2CO2. 

Rockwell ^ found at the anode some acetaldehyde, and 
at the cathode the normal reduction product of pyroracemic 
acid, i e a-lactic acid: 

CHs CO C 00 H+H 2 =CH 3 CHOH COOH; 

also some propionic acid, probably formed by further reduction. 

Laevulinic Acid. — This acid is much better adapted for the 
synthesis of the corresponding diketone than is pyroracemic 
acid. Hofer,® on electrolyzing the potassium salt of the acid, 
obtained about 50% of the theoretically expected quantity of 
2.7-octandion. 

2CH3 CO CH2 CH2 COO 

=CH3 CO-CH2-CH2-CH2-CH2 CO CH3 + 2CO2. 

Considerable quantities of acetic acid are also formed, and some 
carbon monoxide is produced by the oxidation of the methylene 
groups. 

Acetoacetic Acid. — ^If the sodium compound of acetoaeetic 
e'Ster (Weems in alcoholic solution is electrolyzed, there is 
formed diacetylsuccinic ester: 

COCH3 COCH3 

I I 

2 CHNa =2 CH +2 Na 

I 1 

COOC2H5 COOC2H5 
COCH3 ' 

I 

2 CH ^CzHsOOC-CH-CH-COOCaHs 

1 I 1 

COOC2H6 H3CCO COCH3. 

^ Ber d deutsch chem. Gesellsch 33, 650 (1900). 

* Journ Amer, Chem Soc. 24, 719 (1902). 

n.c 

Amer. Chem. Jomn. 16, 569 (1894). 
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According to Tafel and Friedrichs/ acetoacetic ester can 
be easily reduced in sulphuric-acid solution. This reduction 
evidently extends to the carbox-ethyl group because a molecule 
of the ester requires almost six atoms of hydrogen. 

Acetylmalonic Acid, CH3 CO CH (COOH)2, and Acetone- 
dicarboxylic Acid, CO (CH2COOH)2, do not permit their 
amons to unite (Weems 2) 

In connection with his investigation of ketonic acids, Hofer ® 
has used the electrosynthetic reaction, previously discovered 
with Miller,^ which consists in electrolyzing potassium salts of 
organic acids m mixture with potassium acetate and other 
lower fatty acids The general nature of the reaction is that 
the two amons unite, as in Kolbe’s synthesis, carbonic acid 
being split off, e g , 

R CO COO+Ri-COO=R CO R1+2CO2. 

Potassium Pyroracemate and Potassium Acetate thus yield 
acetone as the chief product 

CH3COCOO +CH3COO =CH 3 C 0 CH 3 +2CO2. 

Some acetic methyl ester and traces of diacetyl are also 
formed. 

Potassium Pyroracemate and Potassium Butyrate unite to 
form methylpropylketone: 

CHs CO COO+CH3 CH2-CH2 COO 

=CH3 C0-CH2-CH2-CH3+2C02. 

Some diacetyl is also formed in this case, with trifling 
quantities of esters of butyric acid, and larger quantities of 
hydrocarbons, chiefly hexane and decane. The hexane was 
formed from the butyric acid, the decane from caproic acid, 
an impurity in the butyric acid. 

^ Ber d deutsch chem Gesellsch 37, 3188 (1904). 

H c 

® Ber d deutsch chem. Gesellsch 33, 650 (1900) 

* Ibid 28, 2427 (1895). 
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Potassium LwvuUnate and Potassium Acetate yield, analo- 
gously, methylpropylketone. 

CHs CO CHa-CHa COO+CH 3 COO 

=CH3-C0-CH2 CH2-CH3+2C02 

At the same time a larger quantity of 2.7-octandion could be 
isolated. 

Potassium Lcevulinate and Potassium Pyroraceniate unite to 
form the expected acetonylacetone, besides a little 2.7-octandion: 

CH 3 -CO-CH 2 CH 2 COO+CH 3 -CO COO 

=CH3 CO CH 2 CH2-C0-CH3+2C02 


III. Dibasic Acids. 

Most beautiful results of the application of electrolytic 
decompositions in a direct synthesis have been acconiplishod 
with dibasic acids. The results have a practical as well as 
a theoretical value, — as useful methods of preparing com- 
pounds for the laboratory, and as proofs for certain constitu- 
tions. The researches of Brown and Walker ^ have opened 
up an extremely fruitful domain. 

The dibasic acids having the constitution 

C00H(CH2),.C00H, 

when electrblyzod as such or as their soluble salts, discharge 
at the anode the anions 

C00(CH2)*C00. 

These give hydrocarbons, mostly unsaturated and in poor 
yield, carbonic acid being split off. The reaction observed in 
the case of acetates does not here predominate. 

Simple and smooth reactions, however, are obtained if an 
ester group is introduced into the dibasic fatty acids. Since 

‘Lieb Aim. 261, 107 (1891); 274, 41 (1893). 
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ester groups, according to an experiment of Guthrie,^ are 
electrolytically inactive, the mono-esters of dibasic acids behave 
like monobasic acids, le. carbon dioxide is split off and di- 
esters of higher dibasic acids are formed, saponification con- 
vertmg the esters mto the free dibasic acids 

2R00C(CH2) .coo = ROOCCCHa) . - (CH2) .COOR + 2CO2 

Thus the diethyl ester of succmic acid is formed from ethyl 
potassium malonate . 

2C2H5OOCCH2COO =C2H500CCH2CH2C00C2H5 +2CO2 

Von Miller and Hofer 2 broadened the possibility of the electro- 
syntheses of dibasic acids by bdrrowmg an idea of Wurtz and 
using the results of Brown and Walker. Wurtz,’ as already 
mentioned, had electrolyzed nuxtures of two fatty-acid salts, 
and accomplished the umon of the different radicals to form 
the corresponding hydrocarbons. In the same manner, von 
Miller and Hofer electrolyzed mixtures of fatty-acid salts and 
mono-esters of dicarboxylic acids Hereby the esters of mono- 
carboxylic acids containing a higher number of carbon atoms 
are formed If, for instance, a mixture of potassium acetate 
and potassium ethyl succinate is subjected to electrolysis, 
butyric ethyl ester is formed, accordmg to the follow ing e'qua- 
tion 

CH3COO +COOCH2CH2COOC2H 

=CH3CH2CH2C00C2Hs + 2CO2. 

If the two carboxyl groups of dibasic acids are esterified, 
such a di ester can behave as an acid only when methylene 
groups possessing a decidedly acid character are present. Mulli- 
ken^ and Weems s investigated such compounds. The sodium 

^ Lieb Ann 99, 65, 1856 

®Ber d deutsch chem Gesellsch 28, 2427 (1895). 

® Jaheresber d Chem 575 (1855) 

* Amer Chem Journ 15, 323 (1893). 

®Ibid 16, 569 (1894) 
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compounds of diethyl esters of dibasic acids in })articular fre- 
quently behave in a manner analogous to that of the carboxylic 
acids, the anions uniting The same, compounds are thus ob- 
tained as are formed by the elimination oi sodium by iodine. 
Thus sodium dicthylmalomc ester gives ethane tetracarboxy he 
ester. 

COOC2H5 COOC^aHs 

i I 

2CHNa =2 OH- +2Na . 

I I 

COO2H5 COOC2H5 

COOC2H5 COOC2H5 OOOC2H5 

2OT- =CH OH 

COOO2H5 COOO2H5 COOC2H5. 

If the methylene groups of diearboSvlic acids contain 
electrolytically sensitive radicals, the reaction jiictuie is shifted, 
as will be touched upon in the special cases 

Oxalic Acid. — The deportment of the saturated solution 
of the free acid on electrolysis was determined by Br(‘ster,i 
Bourgoin,2 Balbiano and Alessi,^ Bunge, ^ and Renard.® The 
general result was that oxygen and carbon dioxide were obtained 
at the anode and hydrogen at the cathode. It is possible to 
'tompletely oxidize oxalic acid to carbon dioxide. On this 
pi;operty depends the gicat importance of oxalic acid in iiuanti- 
tativp electrolytic analysis, into which it has bc'cn introduced 
by Classen.® 

The ability of ammonium oxalate to form soluble double 
salts with many difficultly soluble or insoluble' nu'tullic salts 
is in accord with the favorable conduct of the acid on ('k'ctroly- 

' Jahresb f Chem 87 (1806) 

^Compt rend 07,97 (1808) 

® Gaz 2 . cbim 12, 190 (1882); Ben d deutsch. chem, Gesellnch. 15, 2236 
(1882), 

* Ber. d. deutsch chem Gesellsch 0, 78 (1876), 

'Ann chim phys [5] 17, 289 (1878). 

•Classen, Quan. Analysis by Electrolysis (Wiley <Ss Sons, N. Y.), 
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sis, by which operation it may be entirely removed from the 
solution in the form of gas 

The reducing effects of the current on oxalic acid were also 
observed Thus on electrolyzing both the free acid and its 
sodium salt Balbiano and Alessi were able to prove the presence 
of glycollic acid Tafel and Friediichs ^ obtained a good yield 
of glyoxylic acid by reducing oxalic acid in sulphuric-acid 
solution at lead or mercury cathodes Oxahc ester and oxal- 
acetic 'ester are easily reduced also 

The oxidation is not complete if the electrolysis is conducted 
in the cold solution, carbon monoxide as well as caibon dioxide 
being then formed at the positive pole. 

The decomposition reactions of oxalates are entirely analo- 
gous to those of the free acid In alkaline solution the oxidation 
proceeds more rapidly than in neutral solution because of the 
better conductivity of the alkalies 

Naturally ethyl potassium oxalate cannot react in accord- 
ance with the scheme of the Brown and Walker's synthe- 
ses When it was electrolyzed both investigators ^ observed, 
the presence of ethylene This unsaturated hydrocarbon waa 
very hkely derived from the ester group 

Petersen^ has formulated the following equations of decom- 
position: 


I (C00H)2=(C00)2+H2; 

II (C00)2 + H20 = (C00H)2 + 0; 

III (C00)2 = 2C02; 

IV. (C00H)2 + 0 = 2C02+H20. 

These data on the electrolysis of oxalic acid must be sup- 
plemented by those regarding its reduction to glycollic acid^ 
glyoxylic acid, and the reduction to formic acid (Royer 


* Ber d deutsch cliom Gesellsch 37, 3189 (1904) 
2 Lieb Ann 274, 70 (1893) 

® Ztschr f phys Chem 33, 698 (1900) 

* Compt. rend 69, 1374 (1869), 70, 731 (1870). 
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which IS brought about when using oxalic acid in place of nitric 
acid in a Grove cell. 

A series of researches concerning the relation between the oxi- 
dation of oxalic acid and the electrical conditions have been 
made Oettel ^ discovered that the current consumption 
required for an oxidation process is greater when a smaller 
cm rent density is used than when a higher density is employed. 
Ackerberg^ determined that the oxidation, which is trifling at 
a polished platinum anode, is quantitative under the same con- 
ditions at a platinized anode Salzer ® investigated the elec- 
trolysis of oxalic acid, as to the tension conditions and oxida- 
tion action, in sulphunc-acid and in aqueous solutions at polished 
(bright) and platinized anodes. 

Malonic Acid. — This acid was investigated by Bourgom'* 
In a concentrated solution of sirupy consistency it, like oxalic 
acid, IS only slowly oxidized to carbon dioxide, with evolution 
of oxj^gen A strongly concentrated solution of the unaltered 
acid IS found surrounding the positive electiode, even after an 
electrolysis of long duration On electrolysis of the sodium 
salt carbon monoxide is also present in the gaseous mixture 
evolved The proportions of the various gases, carbon mon- 
and dioxide, and oxygen, remain fairly constant during the 
period of electrolysis (85 8%, 9.7%, 4.5%). 

In alkaline solution the decomposition products are the 
same as in neutral solution, only the proportions of the individual 
gases being different, and varying according to the duration of 
the electrolysis. 

Miller,^ on electrolyzing malonates, was able to detect a 
trifling quantity of ethylene. 

Petersen ® verified this fact He formulated the following 
reactions: 


‘ Ztschr. f Elektrocliemio 1, 90 (1894) 

^ Ztschr f anorg Chem 31, 101 (1902). 

‘ Ztschr f Elektrochemie 8, 897 (1902). 

‘Ann chim phys [1] 14, 157 (1857); Bull. d. 1. soc. chim. 33, 417 (1889). 
“Journ f prakt Chemie 127, 328 (1879). 

« Ztschr f phys Chemie 33, 700 (1900). 


ELECTROLYSIS OF ALIPHATIC COMPOUNDS. 


107 


I CH2(C00H)3 = CH2(C00)2+H2, 

II CH2(C00)2+H20=CH(C00H)2 + 0, 

III 2CH2(C00)2 = C2H4+4C02, 

IV CH2(C00)2 + 02»C0+H20+2C02; 


in which, however, III is inconsiderable 

The Brown-Walker ^ method has been found to be of ex- 
cellent service in the electrolysis of the potassium salts of the 
mono-esters of malonic acid The formation of the diethyl 
ester of succinic acid from ethyl potassium malonate has already 
been mentioned (p 103) 

If the ethyl potassium salts of substituted acids are choseit 
as the starting-point, it is possible to obtain disubstituted acids, 
according to the above reactions 

1 Ethyl 'potassium methylmalonate yields the two sym- 
metrical dimethylsuccimc acids having the melting-points 193° 
and 121 ° 

2 Ethyl potassium ethylmalonate yields the corresponding 
symmetrical diethylsuccinic acids, with the melting-points 192° 
and 130° 

3 Ethyl potassium dimethylmalonate affords tetramethyU 
siMcmic acid 

4 From ethyl potassium diethylmalonate a substance having 
the composition C 14 H 26 O 4 , and which differs from the expected 
tetraethyl-succime acid by C 2 II 4 , was obtained The nature 
of this body has not yet been determined. 

Hydrobromic acid splits off alcohol, the compound C 12 H 20 O 3 , 
which has perhaps the furfurane formula 


(C2H5)2 C-C:(C2H5)2, 
O.C C 0 



being formed. 

All these reactions do not take place smoothly, but are 
accompanied by secondary reactions, principally oxidations. 
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which are himted as much as possible by working with strong 
concentrated solutions and low temperatures Moreover, the 
formation of esters also is always possible according to the 
equation 

2 CH3.C00=CH3C00CH3+C02; 

and, finally, the foimation of unsaturated esters may take 
place analogously to the formation of ethylene from propionic 
acid: 

2 C2H5C00 = C2H4 + C02 +C 2 H 5 COOH. 

Thus it was possible to isolate methylacryhc acid by the 
electrolysis of ethyl 'potassium dimethylmalonate- 

2 C 2 H 500 CC<(^|^C 00 = C 2 H 500 CC<(g|jC 00 H +CO 2 

+C2H50occ<^|[j. 


In the same way ethylcrotomc acid is foimed from the ethyl 
potassium salt of diethylmalo'aic acid 

Mulhken,! on electrolyzing sodium malonic diethyl ester in 
alcoholic solution, obtained ethanetelracarhoxylic ester, as already 
mentioned. Weems,^ on electrolyzing the corresponding com- 
pound of methylmalonic acid, obtained dimethykthanefetracar- 
boxylic ester, whereas ethylnialonic ester gave diethylethanetetra- 
carboxylic ester. 

The method of von Miller,® electrolyzing potassium ethyl- 
malonate with potassium salts of aliphatic carboxylic acids, also 
gives satisfactory results. If potassium acetate is chosen as 
the second component of the electrolytic mixture, propionic 
ethyl ester is formed; and likewise by using potassium pro- 
pionate or potassium butyrate wc obtain butjo’ic ethyl ester or 
valeric ethyl ester respectively. 


' Amer Chem Joum. 16, 323 (1893) 

® Ibid. 16, 569 (1894). 

® Ber d. deutsch chem Gesellsch 28 , 3438 (1896). 
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Nitromalonic Acid. — According to Ulpiam and Gasparini,^ 
a hydro-alcoholic solution of nitromalonic ethyl ester does not 
conduct the current, but an aqueous solution of the ammonium 
salt does According to this the ester appears as a true mtro- 
compound : 

COOC2H5 
CHNO2 , 

COOC2H5 

but its ammonium salt, on the contrary, as an ismtro-salt : 

COOC 2 H 5 
C = N00NH4. 

COOC2H5 

The electrolysis of this latter does not give the free isonitro 
acid at the anode, but the dimtroethanetetracarhoxylic ester. 

COOC2H5 

2 CNOO = (C00C2H5)2C(N02)C(N02) CC00C2H5)2. 

1 

COOC 2 H 5 

The ammonium salt of mtromalonamide yields at the anode, 
only free nitromalonamide, whereas fulminunc acid (nitrocyan- 

acetamide),CN CH(N 02 ) on electrolysis of its am- 

monium salt, gives a new reaction product which has not yet 
been investigated 

Succinic Acid. — Bourgoin ^ and Kekule ^ found that the free 
acid underwent oxidation with ‘difficulty, only a small quantity 
of carbon monoxide in addition to some oxygen and carbon 
dioxide being formed 

The neutral sodium salt gave the same products, as did also 
the alkaline solution of this salt, except that in the latter ex- 
periment the formation of carbon monoxide predominated If, 
however, four molecular equivalents of sodium succinate were 


^ Gazz chim 32, II, 235 (1902), Ztschr f Elektrochemie 9, 477 (1903). 
2 Ann de chim et phys (4) 14, 157 (1866) 

2Lieb Ann 131, 84 (1864) 
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treated with one equivalent of sodium hydroxide, ethylene and 
a little acetylene could also be detected. Kolbe ^ states that 
methyl oxide is also formed, Bourgom, however, was unable 
to confirm this statement. 

Clarke and Smith, ^ on oxidizing succinic acid in alkaline 
solution, obtained, besides oxygen, carbon mon- and dioxide, 
ethylene, methane, tartaric acid, and oxalic acid 

Petersen ^ was unable to detect either carbon monoxide or 
acetylene in a shghtly acid electrolytic solution of potassium 
succinate The following equations essentially express the 
course of the electrolysis: 

I C2H4(G00H)2 = C2H4(C00)2 + H 2 ,- 
II. C2H4(C00 ) 2 + H 2 O = C2H4(C00H)2 + 0 ; 

III (C 2 H 4 )(C 00)2 = C 2 H 4 + 2 C 02 . 

Small variations in the conditions of the experiment, as well 
as in the degree of acidity, the temperature, and the kind and 
size of the electrodes, exert a great influence on the course of the 
electrolysis. 

According to the method of Brown and Walker,^ adipic 
diethyl ester is formed from ethyl potassium succinate : 

COOC2H5 COOC2H5 

I I 

2(CH2)2 =(CH 2)4 +2CO2. 

COO COOC2H6 

Fairly large quantities of propionic and acrylic esters are 
also formed, probably by the reaction 

2 COOCH 2 CH 2 COOC 2 H 5 

- CHa •CH2COOC2H6+ CH2 ■ CHCOOC2H5 + 2CO2. 


■ Lieb. Ann. 113, 244 (I860). 

* Joum, Amer Chem. Soc 21, 967 (1899). 

* Ztschr. f pliysik Chem 38, 701 (1900). 
*1. c. 




ELECTROLYSIS OP ALIPHATIC COMPOUNDS. 


Ill 


Bouveault ^ claims that the yield of adipic acid is better on 
electrolyzing the methyl ester-salt m methyl-alcohohc solution, 
He obtained a yield of 80 % by usmg a mercury cathode and 
a hollow platinum spiral anode, through which a current of cold 
water was passed The acid succinic methyl ester occurs as the 
prmcipal by-product, also a neutral methyl ester of a tribasic 
acid which was not investigated 

Sodium succinate and sodium perchlorate, electrolyzed by 
Hofer and Moest,^ gave hydracryhc acid as the chief prod- 
uct, besides acetaldehyde, acetic acid, methyl alcohol, and 
formic acid. The splitting off of carbomc acid and the intro- 
duction of the hydroxyl group occurs only at one carboxyl 
group : 

CH2 COO CH2 OH 

CH2 COOH +OH= I +CO2. 

CH2 COOH 

Von Miller and Hofer ^ have also carried out the principle 
of the electiolysis of mixtures, discussed under malomc acid, 
using potassium ethyl succmate, and subimtting the latter to 
electrolysis at the anode with potassium salts of monocarboxyhc 
acids They thus obtained on the addition of polassium acetate 
about 69 % of the theoretical quantity of butyric ethyl ester . 

CH3 COO + COO CH2-CH2 COOC2H5 

= CH 3 CH2 CH2 COOC2HS + 2CO2 

Incidentally a yield of about 22 % of adipic ester was ob- 
tained 

The synthesis of valeric ethyl ester from potassium ethyl 
succinate and sodium propionate was accomphshed in the same 
way: 

CH3 CH2 C 00 + C00(CH2)2C00C2H5 

=CH3(CH2)3C00C2H5-f2C02. ' 


> Bull soc chim 29, 1038, 1043 (1903) 

’ Lieb Ann 323, 284 (1902) 

3 Ber d deutsch chem Gesellsch 28, 2431 (1895) 
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Furthermore, by using a mixture of potassium ethyl succinate 
and potassium isohutyrate, isobutylacetic ester was obtained . 

(CH3)2 CHC00+C00(CH2)2C00C2H5 

= (CH3)2 CH(CH2)2C00C2H5 + 2C02 


Vanzetti and Coppadoroi have extended the von Millcr- 
Hofer method to the electrolysis of a mixture of ethyl potassium 
malonate and ethyl potassium succinate They obtained a poor 
yield of the desired glutaric diethyl ester : 

COOC2H5 CH2 COO + COO CH2 CH2 COOCaHg 

=C00C2H5 CH2 CH2 CHs COOC2H5 + 2CO2 


Moreover, succinic diethyl ester w'as formed from the malonic 
acid, and adipic diethyl ester from the succinic acid. 

Pyrotartaric Acids 

Glutaric Acid (Normal Pyrotartaric Acid). — The results ob- 
tained by Reboul and Bourgoin^ are the following: A largo 
part of the acid remains unchanged, while a small part is 
decomposed according to the following equation: 

Cg '= HsOi + 7 O2CO2 + SCO + 4H2O. 

CH2V 

A hydrocarbon of the composition | /CH2 was not ob- 

- CH2/ 

tained; nor was an olefine formed. 

Similar observations were made in the electrolysis of potas- 
sium glutarate, also in alkahne solution. 

Petersen® expresses the course of the electrolysis by the 
following equations' 


^ Atti E Accad dei Lincei 12, II, 209 (1903). 

2 Bull soc chim 27, 545 (1877);C0mpt rend. 84, 1231, 1395 (1877). 
® Ztschr f. pbys chem. S3, 703 (1900). 
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I (CH2)3(C00H)2=(CH2)3(C00)2 + H2, 

II (CH2)a(COO)2 + H2O = (CH2)3(C00H)2 + 0, 

III. (CH2) 3 (COO) 2 + 3 O2 = 2CO2 + SCO + 3H2O. 

The expected reaction, 

(CH2)3(C00)2 = (CH2)3 + 2 O 2 , 
does not take place 

Brown and Walker ^ obtained the diethyl ester of suberic 
acid from ethyl potassium glutarate 

Pyrotartaric Acid (Methylsuccimc Acid). — Reboul and Bour- 
goin,2 on electrolyzing a solution of the neutral potassium salt, 
obtained a deposit of the acid salt, the formation of such an acid 
salt in the case of glutaric acid does not occur On continued 
electrolysis the crystals disappear, the free acid being regener- 
ated In alkaline solution, also, the formation of the acid salt 
occurs on prolonged electrolysis Nevertheless the continuous, 
though slight, evolution of carbon dioxide and carbon mon- 
oxide IS a proof of extensive oxidation. 

Petersen,^ on electrolyzing a 20% solution of potassium 
pyrotartrate, found propylene, besides carbon mon- and dioxide 
among the evolved gases' 

CH3 CH3 

CHCOO = CH +2CO2 
CH2COO CH2 

Primary and secondary propyl alcohol could be isolated from 
the electrolyzed fluid, both of which seemed to be formed 
from propylene by addition of water ; 

I CH3 CH3 

CH +OH=CHOH 
CH2 H CH3; 

II. CH3 CH3 

CH +H =CH2 
CH2 OH CH2OH. 


‘ 1 c 


H c 


M c 
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The strong aldehyde reaction of the electrolyte, after the 
experiment was finished, indicates that the primary alcohol 
is partially oxidized further to propionic aldehyde, or that 
the propylene can yield propylene ox de through the influence 
of the anodic oxygen, and, by molecular rearrange me nf, the 
a dehyde. 

CH3 CH3 CHs 

OH +0 =CH\^ = CH2 
CH2 CH2/ COH 

Ethylmalonic Acid. — The behavior of ethjd potassium 
ethylmalonate has already been mentioned in the discussion 
of malonic acid The potassium salt, in a 20% slightly acid 
solution, yields propylene (Petersen 0, and probably, hke P3T0- 
tartaric acid, primary and secondary propyl alcohol. 

Adipic Acid. — The ethyl potassium salt was converted into 
the sebacic diethyl ester by Brown and Walker ^ : 

COOC2H5 COOC2H5 
2(CH2)4 =(CH2)8 +2CO2. 

COO COOC2H5 

Pimelic Acid. — In the same manner, the diethyl ester of 
n-decanedicarboxylic acid is formed from the ester potassium 
salt, of pimelic acid (Komppa,^ also Walker and Lumsden s). 
n-Pentenecarboxylic ethyl ester occurs as a by-product at the 
anode ; 

I. COOC2H5 COOC2H6 

2 (CH 2)5 =(CH2)io + 2 C 02 ,- 
CO COOC2H5 

II. COOC2H5 COOC2H5 COOC2H6 

2(CH2)6 —(0112)3 + (0112)5 * 1 - 002 . 

COO OH COOH 

CHa 


‘1. 0 

’ Ber d, deutseh. chem Gesellsoh. 34, 900 (1901). 
’ Joum.Chem.Soo 79,1197(1901). 
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Suberic Acid, by the same method, gives the ester of n-do- 
decanedicarboxyhc acid, hkewise 

Sebacic Acid, the ester of n-decahexanedicarboxylic acid 
(octodecandi-acid), besides sebacic diethyl ester and the ester 
of the unsaturated acid CH2 CH(CH2)6COOH 

The decompositions which the acids (or their potassium 
salts) of the oxahc-acid series undergo can be essentially inter- 
preted by the following equations; 

I CnH2„(COOH)2 = C„H2„(COO)2 + H2; 

II C„H2„ (000)2 + H 2 O = C„H2p(C00H)2 + 0; 

III C„H2„(C00)2 = C„H2„+2C02 

IV. Unsaturated Dibasic Acids. 

Maleic Acid. — According to the investigations of Kekule,i 
a concentrated solution of the sodium salt gives, on electrolysis, 
acetylene, and also carbon dioxide at the anode, while a little 
succinic acid is formed at the cathode A molecular rear- 
rangement to fumaric acid also occurs to a trifling extent 
Brommaletc acid decomposes into hydrobromie acid, and carbon 
mon- and dioxides 

Ethyl Potassium Mokate does not react conformably to the 
reaction of Brown and Walker (Shields 2), but gives, in concen- 
trated solution, carbonic acid, oxygen, and unsaturated 
hydrocarbons; however, much of the material serving for the 
starting-point remains unchanged. 

Fumaric Acid. — This acid was also investigated by Kekul 6 
At the beginmng of the experiment it gives pure acetylene and 
carbon dioxide, but after the operation has continued for some 
timft the acetylene was found to be mixed with oxygen. Ethyl 
potassium fumarate behaves exactly like the maleate 

Itaconic Acid. — The concentrated solution of the alkah salt, 
electrolyzed by Aarland,® gave a hydrocarbon isomeiic with 
allylene, C3H4, which is said to have the formula CH2 = C = CH2, 

‘ Lieb Ann 131, 86 (1864) 

Ibid 274, 64 (1893) 

s Journ prakt Chem [2] 4, 376 (1871), [2] 6, 266 (1872) 
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along with this compound, some propylene was formed, whik* 
a portion of the acid was always regenerated 

Citraconic Acid. — The concentiated solution of the sodium 
salt, likewise electrol^^zcd by Aarland,^ yielded, besides a hydro- 
carbon, C3H4, small traces of aciylic and mcsaconic acids 

Mesaconic Acid, undei smiilai conditions, gives the same 
hydrocarbon and traces of aciylic and itaconic acids. 

The unsatuiated acids, on electiolysis, consequently appear 
to give no synthetic products at all The aromatic acids, like 
phthahe and benzylmalonic acid, behave similarly 

V. Polybasic Acids. 

Malic Acid. — The electrolysis of malic acid was effected by 
Bourgoin ^ and Brester ^ Both tlie free acid, which is ])ut slowly 
decomposed, and the neutral alkali salt, gave the same products, 
carbon dioxide and a little caibon monoxide and oxvgen. 
After the completion of the expennKuit the solution contained 
some aldehyde and acetic acid Von Miller and Hofer ^ also 
found crotonaldehyde 

Tartaric Acid (Dextro-rotary) — The free acid is partially 
oxidized (Bourgoin ^ and Kekule to carbon dioxidfj and 
carbon monoxide, while the solution contains acetic acid. 
Neutral potassium tartrate gives principally carbon dioxide 
besides a little carbon monoxide and oxygen, acid potassium 
tartrate being at the same time deposited Tn alkaline' solutions 
the same gases carry with them traces of ethane, the formation 
of which is due to potassium acetate, w’hich is found pr(\s(mt in 
the solution at the end of the operation; also some c'thylene. 
Von Miller and Hofer ^ obtained from a concentrated solution 
of potassium tartrate carbon mon- and dioxides and oxygen, 


^ Joum prakt Chem [2] 7, 142 (1873) 

* Bull soc chim [2] 9, 427 (1868), 

3 Ibid 8, 23 (1867) 

* Ber. d, deutscli chem Geselkcli 27, 470 (1894) 

5 Compt rend 05, 1144 (1867), Bull, soc, chim [2] 11, 405 (1869). 
» Lieb, Ann 131, 88 (1864). 

^ Ber d deutsch chem Gesellsch 27, 470 (1894) 
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With a little formaldehyde and formic acid, but no acetic acid 
and ethylene as affirmed by Bourgom. The ethyl ester behaves 
in a like manner 

Racemic Acid. — The same investigators found that racemic 
acid, on electrolysis of the sodium salt m aqueous solution, 
gives carbon mon- and dioxides and an aldehyde which wa& 
not further investigated 

Ethyltartaric Acid. — This gave the same gases, but any 
other substances which may have been formed were not identi- 
fied 

Methanetricarboxylic Acid. — MuUikeri^ employed the method 
which has already been discussed (p. 104), in the electrolysis 
of the sodium salt of the triethyl ester of this acid and ob- 
tained cthanehexacarboxylic ester, besides some malomc estei 
Further oxidation caused the formation of sodium bicarbonate 


2(C00C2H5)3C=(C00C2H5)3C-C(C00C2H5)3 

Tricarballylic Acid. — The potassium salt of the diester of 
this acid was subjected by von Miller ^ to the Brovm-Walker 
reaction, but without success The ester-acid was in pait^ 
regenerated When potassium acetate, however, was added to 
the anode solution the expected reaction occurred; ethylsuc- 
cinic ester was produced: 


CH 2 COOC 2 H 5 


CH C00C2H5+C00CH3=C00C2H5 CH 2 CH CH2-CH3+2C02 

I COOC 2 H 5 

CHs COO 


The peculiar fact that the di-esters of tricarballylic acid, when 
electrolyzed by themselves, do not afford the expected synthet- 
ical reaction, while the electrolysis of a mixture of the acid 
with potassium acetate gives these synthetic products, was 
made use of by von Miller with several aromatic acids which 
had previously proven unsuitable for synthesis when used alone 
(see these) 


^Am Chem Journ 15,^323 (1893) 

2 Ztsch f Elektrochemie 4, 55 (1897) 
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Aconitic Acid. — On electrolyzing a concentrated, strongly 
alkaline solution of the potassium salt, Berthelot ^ observed 
oxygen, carbon monoxide, and a little acetylene at the anode 

Marie 2 was able to convert aconitic acid into tricarballylic 
acid at a mercury cathode surrounded with a solution of the acid 
half neutralized with sodium hydrate. Sixty per cent of the 
theoretical yield was obtained; 

CH COOH CHa COOH 

C COOH +2H=CH COOH 
CHa COOH CHa COOH 

7. Amines, Acid Amides, Imides, and Nitriles. 

The hterature on these subjects is very scarce Little is 
known regarding the electrolysis of amines, whose anodic 
behavior would probably be very interesting They are stable 
at the cathode, and can be obtained electrol 3 dically by reduction 
of the nitriles Weems ^ has electrolyzed acid amides in the form 
of their sodium or mercury compounds He obtained only the 
unchanged material used as the starting-point. 

Tetramethylamm oniiun Hydrate. — Palmaer ^ electrolyzed a 
solution of the hydrate in hquid ammonia in a Dewar vessel 
at about — 41°. Deep-blue rings having the color of a solution 
of sodium in liquid ammonia appeared at the cathode when the 
circuit was closed. A solution of free tetramethylammomum 
is probably formed, which could not be isolated. The chloride 
behaves like tetramethylammomum hydrate. 

Tetraethylammonium Chloride. — Goecke ® has invc.stigated 
the behavior of the iodide of this compound in aqueous solution. 
He found at the anode tetraethylammonium triiodide : 

N(C2H5)4l-l3 


' Compare Bourgom, Bull .soc. clum. [2] 9, 103 (1868). 
“ Compt. rend. 136, 1331 (1903) 

® Am Chem. Journ 16, 569 (1894). 

* Ztsohr f Elektroohem. 8, 729 (1902), 

®Ibid. 10,250 (1904) 
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The yield was 40% of the material used as the starting-point. 
A little iodoform is also produced, by the action of iodine on 
portions of the original iodide destroyed by oxidation 

The method of Tafel (p. 23), which has been discussed in 
the theoretical part, has also done good service in the reduction 
of succimmide and some of its derivatives. This method, — 
for reducing in sulphuric-acid solution substances reducible with 
difficulty, — has also proven very frmtful in the domain of the 
carbonic-acid derivatives and of the alkaloids. 

Succinimide. — Tafel and Stern,i by reduction of this sub- 
stance in a 50% sulphuric acid, obtained about 60% of a yield 
of pyxrolidone The fluid was kept cold and electrolyzed at 
high current densities 

CHs CO\ CHa CHas 

>NH + H2 = >NH 

CHa CQ/ CHa CO ^ 


Fairly large quantities of substances having higher boiling- 
points, but which do not boil without decomposition, are also 
produced. 

The reduction of 

Isopropylsuccinimide, hkewise electrolyzed, gave a yield of 
about 80% of the theoretical of isopropylpyrrohdone . 


CHa CO\ CHa CHav 

1 >N CH(CH3)2 + H2 = I >N CH(CH3)2. 

CHa-CQ/ CHa CO / 

Succinanil was converted by the same method (Baillie and 
Thomas 2), but in concentrated sulphuric acid, into phenylp 3 n- 
rolidone: 


CHa CO- 
CHs-CO' 


>NC6H5 4 - H2 = 


CHa-CHa- 
CHa CO ' 


^NCeHs. 


^ Ber d deutsch chem Gesellsch 33, 2224 (1900) 
2 Ibid 32. 68 (1899) 
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A moderate yield of p-tolylpyrrolidone is obtained from 
p-tolylsuccinimide in 95 -% sulphuric acid* 


CHa CO\ CH2 

>N C6H4 CH3 -h H2 = . 
CHa CO/ CH2 


CHa- 
CO ' 


>NC6H4 CH3 


Acetylpyrrolidone can be reduced to ethylpyrrolidone in a 
50 % sulphuric acid (Tafel and Stern 

CH2 CH2\ CH3 CHav 

>NC0CH3 -h 2H2 = >NC2H5 + H2O. 

CH2 CO / CH2 CO / 


Hydrocyanic Acid. — In sulphuric-acid solution hydroc3i'anic 
acid breaks up smoothly, according to Gay-Lussac, 2 into h\*dro- 
gen and cyanogen Concentrated hj^drocj’anic acid to which a 
drop of sulphuric acid has been added gives carbon monoxide 
and ammonia (Schlagdenhauffen 2) 

Potassium Cyanide — In the investigation of tliis salt, con- 
ducted by the author last mentioned, it was found that no 
oxygen escaped at the anode, but the potassium cyanide was 
oxidized to potassium cyanate Bartoli and Papasogli obtained 
mellogene from potassium cyamde by using carbon anodes, 
and melhtic acid at graphite anodes. 

Potassium Ferrocyanide. — This compound gives at the 
anode hydrocyanic acid and Prussian blue, and at the cathode 
hydrogen and potassium hydroxide (Perrot^), also cyanogen 
(Schlagdenhauffen ® and Schonbein). 

Potassium Ferricyauide on electrolysis likcwisi^ gives Prus- 
sian blue ® at the anode, being the first electrolytic oxidation 
product of potassium ferrocyanide. 

Sodium Fitroprusside. — On electrolyzing a dilute solution of 
this salt for a prolonged period, Weith^ noted the formation of 


U C 

2 Am chim phys 78, 245 (1811), 

® Jahresb f Chem 1803, 305 
* Tommasi, Trait6 d’Electrochimie 720. 

®Joum f prakt chemie 30, 145 (1843) 

*Eng Pat No. 7426 (1886), Elect Review 32, 216 (1893). 
’ Jahresb f Ohem. 1863, 306, 1868, 311 
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ammonia and precipitation of metallic iron, at the positive 
electrode Prussian blue appeared, and nitrogen, oxygen, and, 
if the operation was long continued, nitric oxide, also, were given 
off In a concentrated solution much ammonia was formed at 
the cathode, and nitric oxide appeared at the anode 

Nitriles. — Ahrens, ^ by means of the electrolytic addition of 
hydrogen, succeeded in converting mtriles into primary ammes, 
while simultaneously with the reduction a partial saponification 
of the nitriles occurred, as represented by the following equation; 

‘ R CN + 2 H 2 O = R COOH + NH 3 . 

Acetonitrile. — This substance m sulphuric - acid solution 
yields only a small quantity of ethylamme, although a con- 
siderable quantity of n-propylanune is formed from n-propyl- 
nitrile. 

The reduction of aromatic nitriles takes place without the 
occuirence of secondary reactions This is illustrated in the 
formation of benzylamine from benzonitnle and of phenyl- 
ethylamine from benzylcyamde 

8 Carbonic Acid Derivatives. 

Tafel and his school have investigated the unc-acid group, 
which includes the ureides of dibasic acids, as to its behavior 
when electrolytically reduced at lead cathodes in sulphuric-acid 
solution All members of this group belong to the difficultly 
reducible substances, the electrolytical effect can often not be 
attained by chemical means. The reduction does not affect the 
urea-group, but does act on the ketone-groups and the double 
bonds of the radicals united with the carbamide-molecule Thus 
parabanic acid is converted into hydantom and ethylene-urea; 



0 

0 

1 

/NH-CH 2 

1. 

GO< 1 +2H2=C0< 

1 +H 2 O; 


\nh-co 

^NH-CO 


/NH-CO 

/NH-CH 2 

2. 

CO< 1 +4H3=C0< 

1 + 2 H 2 O 


\nh-co 

^NH-CHs 


Ztsch f Electroohemie 3; 99 (1896) ' 
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E Fischer claims that the members of the uric-acid group 
can be considered as derived from purin, a parent substance : 


( 6 ) 

(1) N = CH; 

I I (7) 

(2) CH(5)C-NH\ 

s II II 

(3) N - C-N ^(8) 

(4) (9) 


Accordingly, uric acid appears as 2, 6, 8-trioxypurin, and 
caffeine as 1, 3, 7-trimcthyl-2, 6-dioxypurm • 


HN-CO 
CO C-NH^ 

I II 

HN-C-NH^ 

Unc acid 


>CO; 


CHgN-CO 
I 1 CHs 
CO C-N 
1 11 

CH3 N-C-N 

Caffeine 



In the electrolytical reduction of the investigated purin 
derivatives, it appeared that the oxygen in position (6) of the 
purin nucleus is the only one that can be eliminated for 
hydrogen. But an addition of hydrogen occurs also without a 
loss of oxygen; this happens in the conversion of uric acid into 
tetrahydrouric acid Further particulars will be mentioned 
under the individual substances. 

Parabanic Acid, the ureide of oxalic acid and oxidation 
product of uric acid obtained by the action of nitric acid, is 
converted into hydantom and ethyl urea (Tafel and Reindl 1) 
Methyluracyl, the reaction product of acetoacetie estcT and 
urea (water and alcohol being eliminated), can bo easily reduced 
in sulphuric-acid solution (Tafel and Weinschenk^). Mothyl- 
trimethylene urea is formed, also a considerable quantity of 1.3- 
diaminobutane; 


’ Ber. d deutsch obem. Gesellsch 34, 3286 (1901). 
» Ibid. 83, 3378 (1900). 
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NH-C-CHa NH-CH CH3 

I II II 

I. CO CH + 3 H 2 =C 0 CH2 +H2O; 

II II 

NH-CO NH-CH2 


NH-CH CH3 


NHa-CH-CH, 


II CO CH2 +H 20 = 


CH2 + OO2. 


NH-CHs 


NH2-CH2 


Barbituric Acid, Malmyl Urea, was investigated by the 
same authors It likewise gives two products, hydrouracyl 
and trimethylene urea • 


NH-CO NH-CHs 

I CO CH 2 + 2 H 2 =C 0 CH2+H2O; 
NH-CO NH-io 


NH-CO NH-CH2 

II CO CH 2 + 4 H 2 =(io CH2 + 2H2O. 

II II 

NH-CO NH-CH2 

The convertibility of maionyl urea into trimethylene urea 
taken in connection with the decomposabihty of the cyclical ureas 
into diamines and carbonic acid affords a simple method of 
obtaining 1 3-diaminopropane from malome acid in the same 
manner as 1 3-diammobutane is produced from methyl uracyl: 

NH-CH2 NH2-CH2 

CO CH 2 +H 20 = OH2+CO2. 

NH-CH2 NH2-OH2 

Dialuric Acid, Tartronyl Urea . — Tafel and Reindl ^ reduced 
this substance and obtained as chief reduction product hydro- 
uracyl, also some trimethylene urea and oxytrimethylene urea: 

^ Ber d deutsch chem . Gesellsch 33,3383 (1900) 
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NH-CO NH-CH 2 

I CO CH0H+3H2 = C0 CPI 2 + 2 H 2 O; 

II II 

NH-CO NH-CO 

NH-CO NH-CH2 

II II 

11. CO CH0H+5H2 = C0 CH2+3H2O; 

NH-CO NH-CH2 

NH-CO NH-CHs 

III Jo CH0H+4H2 = C0 CHOH+2H2O. 

II II 

NH-CO NH-CH2 

Uramil is the reduction product of violuric acid, which is 
the isonitroso-compound of barbituric acid: 

NH-CO 

CO CH NH2. 

NH-CO 

It is easily reducible, ammonia being split off, and forms hydro- 
uracyl ^ as the solely crystallizable body The same product is de- 
rived in considerable quantity in the electrolytic reduction of 
Alloxan, Mesoxalyl Urea There are also produced in this 
reduction alloxantin, which is difficulty soluble and can only 
slowly be reduced further, and large quantities of non-crystal- 
lizable gummy substances' 

NH-CO NH-CH2 

J I II 

I. CO C0+4H2=C0 CH 2 + 2 H 2 O; 

NH-CO NH-Jo 

NH-CO NH-CO CO-NH 

II. 2 CO CO + H2=c!o a "^A CO + H2O. 

II I i II 

NH-CO NH-CO CO-NH 

Alloxantin 

^ Ber d deutsch ohem Gesellsch 34, 3290 (1901) 
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Uric Acid. — The reduction of uric acid can be conducted in 
such a way that it takes place principally according to the fol- 
lowing equation (Tafel i) 


C5H4O3N4 -p 6H = C5H8O2N4 + H2O 

Tafel calls the resulting product puron, and gives it the 
following formula: 


NH-CHa 


CO CH-NK 

! I 

NH-CH-NH' 


> 00 . 


It is formed almost exclusively in the reduction of uric acid 
in a 75% sulphuric acid at 5°-8° and with high current con- 
centration A part of the puron is molecularly rearranged 
already at 12°-15°, forming an isomeric substance, isopuron. 
The structure of the latter has not yet been explained. Tetra- 
hydrouric acid and isopuron are formed in 80% sulphuric acid 
at 20° and with a lower current concentration. 

The reactions can be expressed by the following equations: 

NH-CO ’ NH-CH 2 

11 II 

I. CO C-NHv CO CH-NH\ 

I li >C0+3H2=| I >C0-PH20; 

NH-C-NH/ NH-CH-NH/ 

Uric acid Puron 

NH-CO 

I I 

II. CO C-NH\ 

1 il >00+2H2 

NH-C-NH^ 


NH-CH 2 


NH 2 CONH CH 2 


-i 


O CH-NHC0NH2 


or 


NH-CO 


CH-NH\ 

I >0. 

CO-NH/ 


Tetrahydrounc acid 


^ Ber d deutsch ckem Gesellsch. 84, 258 (1901). 
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The structure of the last-mentioned acid has not yet been 
determined with certainty ^ 

Strange to state, the methylated uric acids, when reduced, 
do yield purons which (excepting tetramethylpuron) can be 
molecularly rearranged into isomeric isopurons, but the corre- 
sponding hydrated uric acids are not produced (Tafel 

3 -Methyluric Acids. — The two isomeric and structurally 
identical 3 -methyluric acids, the d- and C-acids, give 3-methyl- 
purons These latter are extremely similar, but show differ- 
ences in solubility which point to the possibility of an isomerism. 
A certain quantity of isopurons was already formed during 
electrolysis by the^ rearranging action of the 60-70% sulphuric 
acid used as electrolyte: 

NH-CO 

do C-NH\ 

I II >CO-h3H2 = 

CHsN - C-NH/ CHsN - CPI-NH/ 

1 . 3 -Dimethyluric Acid. — The reduction to 1 3-dimethyl- 
puron takes place very slowly in a 75% sulphuric acid solution. 
The molecular rearrangement to isopuron is also very slow 

3 . 9 - Dimethyluric Acid gives similarly a 3 9-dimethylpuron 
which, if heated in a 10 % sodium-hydrate solution, smoothly 
rearranges itself to form the iso-compound. The electrolytical 
effect is hence a normal one : 

NH-CO 

CO A - NH. 

I II >C0-^3H2 

CH 3 N -C -N / 

CHs 

7 . 9 - Dimethyluric Acid gives correspondingly a 7.9-dimethyl' 
puron. 


NH-CH 2 


CO CH-NH. 

I 1 >C0+H20. 

N -CH-N / 

CHs CHs 


NH-CH 2 
CO Jh-NHs 


>C0 + H20. 


‘ Ber d deutsch. ohem Gesellsch 34, 1181 (1901) 
’ Ibid , 279 (1901). 
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1 . 3 . 7 -Trimethyluric Acid, or Hydroxycaffeine, is changed 
into 1 3.7-tnmethylpuron by electrolytic reduction in 60% 
sulphuric acid. A good yield is obtained By hydrochloric 
acid, and also by heating in a 10 % sodium-hydroxide solution, 
it is converted into the trimethyhsopuron 

Tetramethyluric Acid. — This substance, by reduction in 
50% sulphuric acid, is changed to tetramethylpuron. The 
latter does not rearrange itself 


CH3N -CO CH3N -CHa 

I I CH3 II CHs 

CO C -Ny CO CH-N\ 

I II >C 0 + 3 H 2 = I 1 >C 0 +H 20 

CH3N -C -N/ CH3N -CH-N/ 

CH3 CH3 

Tafel has proposed the following three formulas for isopur on: 

N -CH2 N -CH2 

II I II I 

COH CH- Nxs 
NH 


-i 


\C0H 

I. 

N — CH2 


COH CH-NH^ 


CO. 


NH 


II 


COH CH-NH^ 

I I y 

NH -OH- N^ 
III 


COH. 


Tafel has also successfully reduced the xanthine bases: 
Guanine, xanthine, theobromine, caffeine, adenine and hypo- 
xanthine, or sarcine. The electrolyte was a sulphuric-acid 
solution, and lead cathodes were employed 

The effect consists in the addition of two hydrogen atoms 
and the elimination of an atom of oxygen Tafel calls the 
reduction products desoxy-hodies Their formation is char- 
acteristic of the xanthine bases. 

Xanthine, on reduction in 75% sulphuric acid, yields 
desoxyxanthine. The yield is 70% of the theoretically possible 
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quantity The reaction takes place in accordance with the fol- 
lowing equation’ 

NH-CO NH-CHs 

CO C-NH\ CO b-NHv 

I II >CH+2H2= 1 I >CH+H20 
NH-C- NH-C- W 

Xanthine Desoxyxanthine 


The latter compound is therefore to be regarded as 2-oxy- 
1 6-dihydropurin. These experiments were made by Tafel 
and Ach.i 

3 -Methylxanthme gives analogously 3-methyldesoxyxan- 
thine or 3-methyl-2-oxy-l 6-dihydropurin (Tafel and Wein- 
schenk^), and 

Heteroxanthine, 7-Methylxanthine, yields desoxyhetero- 
xanthine, or 7-methyl-2-oxy-1.6-dihydropurin: 


NH-CO NH-CHa 

1 i II 

I. CO C-NH\ CO C-NH\ 

1 II >CH+2H2= I II >CH+H20 
CHgN -C- W CHaN -C-N ^ 


II. 


NH-CO 

I I CH 3 

CO C-Nn 

i 11 y 

NH-C-N^ 


:CH + 2H2 = 


NH-CH 2 
1 I CHs 
CO -C-Nx 


NH-C-N 




CH + H 2 O 


If desoxy-compounds are suitably oxidized, they lose two 
atoms of hydrogen and pass into oxypurins. 3-Methyldes- 
oxyxanthine is thus converted into 3-methyl-2-oxypurin: 


N = OH 

1 ' 

CO C-NHn 

I II y 

CHsN-C- n^ 


CH, 


^ Ber d deutsch chem Gesellsoh 34, 1165 (1901) 
’ Ibid 33, 3369 (1900). 
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and desoxyheteroxanthine gives the corresponding 7-methyl- 
2-oxypurin These oxidation products furnish the proof of 
the constitution of desoxy-compounds The constitution for 
some of the members had been determined by E Fischer through 
synthesis 

Theobromine, or 3 7-Dimethylxanthine, was reduced by 
Tafel ^ m 50% sulphuric acid He obtained desoxytheobro- 
mine, or 3 7-dimethyl-2-oxy-l 6-dihydropurin: 

NH-CHa 

I I CHs 

CO C-N\ 

1 11 >CH. 

CH3N - C-N^ 


3 7-Dimethyl-2-oxypurin is formed on oxidation with an excess 


of silver acetate 

Caffeine, or 1.3 7-Trimethylxanthme, was reduced in 50% 
sulphuric acid to desoxycaffeine by Tafel and Baillie,^ while 
they were investigating the reduction of acylamines to 
alkylamines In a later investigation ® they showed that 
desoxycaffeine is to be designated as 13.7-trimethyl-2-oxy- 
1. 6-dihydropurin: 

CH3N-CH2 


I I CHs 
CO C-N\ 


I II y 
CH3N-C-N^ 


CH. 


By oxidizing it with lead peroxide, 3.7-dimethyl-2-oxy- 
purin-l-methylhydroxide is obtained: 

OH 

CH3N=CH 
I 1 OH 3 
CO C-N\ 

1 11 >H 

CH3N-C-N^ 


‘ Ber d deutsch chem GteseUsch 32, 3194 (1899). 
’ Ibid , 686 (1899) 

« Ibid , 3206 (1899). 
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This is a compound which corresponds to the 3-methyl-2- 
oxypurin obtained from 3-methyldesoxyxanthme. Its strongly 
basic properties are conditioned by the methyl group in posi- 
tion (1) It may be here mentioned that Tafel has worked 
out his valuable method chiefly by the use of caffeine. The 
corresponding investigation has already been considered (p. 24 
and p. 52) 

Guanine, 2-amino-6-oxypurm, when electrolytically reduced 
in a 60% sulphuric acid, is converted into desoxyguanine, 
a base containing no oxygen (Tafel and Ach i) • 

NH-CO NH-CHa 

I i 1 i 

NHaC C-NHv NHaC C-NH\ 

II 11 \CH4-2Ha= H H >CH + H20. 

N-C-N^ N-C-N^ 

Desoxyguanine, 2-amino-l 6-dihydropurin, is easily oxi- 
dized to 2-aminopurin : 


N=CH 

I i 

NHaC C-NHx 

li II y 

N-C - W 


CH. 


This substance is isomeric with adenine and is very simi- 
lar to it. Nitrous acid converts it into 2-oxypurin, an 
isomer of hypoxanthine. 

The firm of C. P Boehringer & Sohne (Waldhof-Mannheim) 
has patented ^ TafeFs process for reducing xanthine bases. 


9. Derivatives op Carbonic Acid’ Containing Sulphur. 

Potassium Xanthate. — C. Schall^ obtained, by the elec- 
trolysis of potassium xanthate in aqueous solution and with 


^ Ber d detitsch chem. G^sellsch 34, 1170 (1901) 

* See especially D R F No 108577 (1898) Process for the preparation 
of xanthines oontaming less oxygen by means of the electrolytic reduc- 
tion m acid solution of alkylated xanthmes 

» Zeitschr. f. Mektrochemie 2, 475 (1896); 3, 83 (1897) 
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a high anode current density, xanthic supersulphide, or ethyl 
dioxysulphocarbonate, as might be expected 

/OC2H5 /OC2H5C2H5OV 
2CS< =CS< ^S+2K 

\SK \S S/ 

Potassium Methyl-, Isobutyl-, and Isoamylxanthate behave 
analogously (Schall and Kraszler ^). They are converted at 
the anode into the corresponding dithiondisulphides 

RCSS— SSCR 

These are non-crystallizable oils 

Ammonium Dithiocarbamate is converted with difficulty 
into thiuramdisulphide • 

(NH2CS)S-S(SCNH2); 

the conditions under which this takes place have not yet been 
explained 

Diethylammonium Diethyldithiocarbamate is said to give at 
the anode tetraethylthiuramdisulphide 

[(C2H5) 2NCS]S - S[SCN(C2H6) 2]. 

Potassium Ethyltrithiocarbonate gives dithiondisulphide : 

(C2H5SC)S-S(CSC2H5). 

Potasshun Phenylsulphocarbazinate, CeHsNH-NHCSSK, 
gives (Schall and Kraszler 2) no disulphide, but diphenyl- 
thiocarbazide" 

CS(NH NHC 6 H 5)2 


^ Zeitschr f Elektroohemie 5, 225 (1898) 


n 0 



CHAPTER IV 

THE ELECTROLYSIS OF AROMATIC COMPOUNDS 

In the ahphatic series the carboxylic acids furnish the 
principal material of electrolysis This is due to the reactive- 
ness of their anions, which readily split off carbonic acid, thus 
affoidmg manifold sjmtheses In the aiomatic series, however, 
the mtro-compounds are the more interesting, on account of 
their easy reducibility and the importance of their reduction 
products The facts which give to electrochemical i eduction 
pre-eminence over oxidation have already been explained in 
the introduction (p 2) 

Single oxidation processes have, however, also become 
important Besides the oxidabihty of easily oxidizable sub- 
stances, for instance aniline, or easily oxidizable groups hke 
methyl, the peculiar reaction which seems to occur very 
frequently in the electrical oxidation in sulphuric acid, and 
which consists of the entrance of oxygen into the benzene 
nucleus, must be emphasized. Hydrocarbons, phenols, quin- 
ones, and azo-compounds seem to Ix'have alike in this respect. 

Electrolytic substitutions furnish a further general point of 
view. 

Although the substitution processes afforded by the action 
of the primarily discharged anion of an inorganic salt upon an 
organic body are to be included among the simpler reactions, 
the results obtained so far in this domain have been very scanty, 
especially in regard to aromatic substances. The above- 
mentioned investigations of Elbs and Hertz, as well as those of 
Forster and Mewes on the electrolytic preparation of iodoform, 

132 



THE ELECTROLYSIS OF AROMATIC COMPOUNDS 133 


can serve as an indication that many interesting and remunera- 
tive problems yet await solution in this field 

1 Hydrocarbons 

Benzene. — Renard,^ by the anodical action of the current 
in an alcohol-sulphuric-aeid solution of benzene with platinum 
anodes, obtained a body melting at 171° which Gattei mann and 
Friedrichs^ recognized later as hydroquinone The latter is 
also formed (Kempf®) if a mixture of benzene and a 10% 
sulphuric acid is electrolyzed at lead-peroxide anodes and lead 
or zinc cathodes Quinone is first produced at the anode with 
the aid of the lead peroxide It is then reduced at the cathode 
to hydroquinone 

The process very likely occurs in the same way at a platinum 
anode Hydroquinone itself, when oxidized electrolytically, 
yields only traces of qumone (Liebermann 4), quinhydrone- 
being the chief product 

However, it is not impossible that at platinum anode® 
a direct introduction of hydroxyl groups into the benzene 
nucleus, ie a primary formation of hydroquinone, takes 
place, especially if concentrated sulphuric acid is chosen as 
the electrolyte Chemical as well as electrochemical experi- 
ences indicate this Thus, by means of persulphuric acid or 
its salts, obtained by the electrolysis of sulphuric acid or its 
salts, mtrophenol can be directly converted into nitrohydro- 
quinone, salicyhc acid into hydroquinonecarboxylic acid, 
anthraquinone into alizarin, and this latter into alizarin-bor- 
deaux and alizarin-cyanine 

It may be here mentioned that oxygen can thus be electro- 
lytically introduced into azobenzene Heilpern,® by electrolyzing 
azobenzene in concentrated sulphuric acid, obtained tetraoxy- 


' Compt rend 91, 175 (1880) 

^ Ber d deutsch chem Gesellseh 27, 1942 (1894) 
« D R P No 117251 (1899) 

* Ztsckr f Elektroehemie 2, 497 (1896) 

' Ibid 4, 89 (1879) 
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azobenzene, a fast dye, soluble in concentrated sulphuric acid 
with a cherry-red color and resistant to the action of light and 
acids 

Toluene. — According to Renard,^ this compound, by elec- 
trolytic oxidation in alcoholic-sulphuric acid, forms benzaldehyde 
and phenose, C6H6(OH)6(‘^). According to Puls,^ there are pro- 
duced in the same electrolyte, using a diaphragm and a platinum 
anode, benzaldehyde, benzoic acid, benzoic ethyl ester, and, as 
chief product, p-sulphobenzoic acid Under the same con- 
ditions, Merzbacher and Smith ^ had obtained a poor yield of 
benzoic ethyl ester 

Law and Mollwo Perkin ^ report on the electrolytic oxidation 
of toluene, the three xylenes, mesitylene, and pseiidocumene 
In a sulphuric-acid-acetone solution of toluene they obtained 
a little benzaldehyde and perhaps benzyl alcohol. The elec- 
tiolysis of an emulsion of toluene and dilute sulphuric acid 
leads to a complete combustion of the toluene to carbonic acid 
and water. 

The three xylenes, electrolyzed in acetone and dilute sul- 
phuric acid, yield principally the three toluic aldehydes, m- 
Xylene, even when sodium acetate and acetic acid are employed 
as electrolyte, gives the m-toluic aldehyde. 

Pseudocumene, in the presence of acetone and sulphuric acid, 
gives apparently a mixture of the three isomeric dimethyl- 
benzaldehydes. Analogously, mesitylene is oxidized to mesity- 
lenic aldehyde. 

Naphthalene. — This substance, electrolyzed by Panchaud 
de Bottens ® in a sulphuric-acid-acetone solution at platinum 
and lead anodes, gives, besides a brown by-product, principally 
a little a-naphthoquinone. In glacial-acetic-sulphurie acid 
traces of phthalic acid are formed 'at platinum electrodes. 


^ Compt rend 91, 175 (1880) 

2 Ghem Ztg 25, 263 (1901) 

^ Joum Am Chem. Soc 22, 723 (1900) 

* Trans of the Faraday Soc I (25/10, 1904). 
® Ztschr, i Elektrochemie 8, 673 (1902) 
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2 Nitro- and Nitroso-Compotjnds 

Of all organic substances which have been tested as to 
their behavior towards the action of the electuc current, 
aromatic nitro-compounds have received the most accurate 
treatment and attained the greatest importance. The reason 
for tliis lies, on the one hand, in the fact that the mtro-group, 
being extremely reducible, reacts only at the cathode, whereby 
the end-products are closely and simply related to the product 
started with, and, on the other hand, in the variety of the 
reduction phases which the nitro-group can develop, depending 
upon the conditions of the experiment 

It thus happens that the class of nitro-bodies not only affords 
the greatest number of important results and smooth reactions, 
and thereby is of great importance techmcally and for the 
manufacturing side of organic' chemistry, but it also offers the 
suitable starting-point for the treatment of general and special 
theoretical questions So far as these are of a general nature, 
treating of the relation of the reaction velocity to the reduction 
velocity and referring to the importance of the cathode material, 
they have already been discussed in the first chapter. The 
theoretical relations, which are of importance only for the 
reduction of nitro-bodies, will be briefly considered here. They 
can be divided into purely chemical and electrochemical ones 
The former, which obtain in every method for the reduction of 
mtro-bodies, deserve mention because they were first understood 
in closest connection with the electrical reduction, they refer to 
chemically possible reduction phases and then* gradation. The 
latter encompass the dependence of the chemical results upon 
the electrical conditions of experiment and the special rdles of 
the separate decisive factors 

The importance, thus shown, of our knowledge of the 
electrical reduction of mtrobenzene in regard to the practical 
and theoretical exploitation of the electrolysis of organic sub- 
stances makes it desirable to first give a short historical survey 
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of the development of the views and the importance of tlie 
separate observations ^ 

a. General Observations on the Reduction of Nitro-compounds 

Haussermann^ reduced nitrobenzene and nitrotoluenes both 
in alkaline and acid solution, the former with iron, the latter 
with platinum, electrodes. By reduction in alkaline solution, 
he obtained as principal product hydrazobenzene and hydrazo- 
toluene respective!}^; in sulphuric-acid solution he got from 
nitrobenzene, as chief products, benzidine sulphate and azoxy- 
benzene, besides an easily changeable body which was not further 
determined o-Nitrotoluene ^ under like conditions gave o4olui- 
dine sulphate, besides small quantities of odoluidine, p-mtro** 
toluene yielded principally p-toluidme 

Elbs, on the contrary, obtained entirely different results 
when he electrolytically reduced p-nitrotoluene and nitrobenzene 
in acid and in alkaline solution with other cathode metals 
Theie were formed in the reduction of nitrobenzene in alkaline 
solution at a lead or mercury cathode varying quantities of 
azoxy- and azobenzene, the former mostly preponderating. 
p-Nitrotohiene behaves similarly if reduced in the same manner, 
— p-azoxy- and p-azoioluene being produced The reduction 
takes place much more slowly and less completely in this case 
than when nitrobenzene is used. Haussermann observed the 
same with o-nitrotoluene. o-Nitrophenol behaves quite differ- 
ently, the chief product is o-amidophenol, besides red and 
brown substances which could not be obtained pure. In the 
reduction of nitrobenzene in sulphuric-acid solution Elbs 
employed a zinc cathode and obtained chiefly aniline. 

Elbs^ draws the following conclusion* Without consider- 
ing the other conditions of experiment, the kind of metal 

^ This classification (a) has been partially taken from the dissertation 
of my pupil Jos Schmitt Concerning the Importance of the Cathode 
Material in the Electrolytic Reduction of m- and p-Nitrotoluene/^ Bonn, 1904. 

2 Chem Ztg 11 , 129, 206 (1893) 

3 Ibid , 209 (1893) 
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employed as electrode seems to exert an important influence, 
since Haussermann obtained benzidine and azoxybenzene 
from nitrobenzene at a platinum electrode Gattermann 
and Koppert/' by electrolytically reducing nitrobenzene in con- 
centrated sulphuric acid with the addition of a few drops 
of water, obtained other results After several hours' electrol- 
ysis the contents of the earthenware cell, which contained 
the reduction fluid together with a platmum cathode, solidi- 
fies, forming a colorless mass of crystals of p-anndophenol 
sulphate, which was permeated by a blue-green hquid 

After these observations, Gattermann and - his pupils ^ 
continued their investigation on the reduction of aromatic 
mtro-bodies to armdophenol derivatives They thus examined 
mono- and dimtrohydrocarbons, mtroamines, mtrocarboxylic 
and nitrosulphomc acids, also the esters of the acids After 
the reaction had been successfully tested in over 40 cases it 
was adjudged to be of general applicability 

The important result of these experiments is that nearly 
all nitro-bodies with an unoccupied para-position are con- 
verted by electrolytic reduction in concentrated sulphuric 
acid into p-amidophenol derivatives, i e not only is the mtro- 
group reduced completely to the amido-group, but in most 
cases the hydrogen atom in p-position to the amido-group is 
simultaneously substituted by the hydroxyl group 

A short time after the pubhcation of the interesting experi- 
ments of Gattermann, A, A. Noyes and A A Clement ^ made 
known their studies on the electrolytic reduction of nitro- 
benzene in sulphuric-acid solution 

Noyes and Clement used concentrated sulphuric acid of 
1 84 to 1.94 sp gr. as a solvent for nitrobenzene Gatter- 
mann and Koppert had treated the sulphuric-acid solution 
before the reduction with a few drops of water. Noyes and 
Clement obtained from 50 g nitrobenzene at platinum elec- 
trodes 30 g anhydrous p-amidophenol-o-sulphonic acid, cor- 

1 Chem Ztg 17, 210 (1893) 

*Ber d deutsch chem Gesellsch 26,1844,2810 (1893), 27,1927 (1894). 

3 Ibid 26, 990 (1893) 
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responding to a yield of 40 per cent of the theoretically pos- 
sible quantity. 

Three years later Elbs^ reverted to the experiments of 
Gattermann On repeating the same he obtained, indeed, 
the same results, but simultaneously observed that consider- 
able quantities of aniline are always formed besides the p-ami- 
dophenol. When Elbs used glacial acetic acid as a diluent of 
the sulphuric acid he found a considerable increase in the 
yield of p-amidophenol, but the yield of aniline kept apace 
of that of the latter. If he used a lead in place of a platinum 
cathode, the reduction was accelerated, being favorable to 
the aniline formation at the expense of the p-amidophenol 

Lob 2 found a reaction analogous to that of Gattermann 
when he reduced nitrobenzene in hydrochloric-acid solution 
or suspension, using platinum electrodes 

In this process there is formed as chief product a mixture 
of o- and p-chloramline. The formation of this can be explained 
thus: The primarily formed phenylhydroxylamme reacts with 
the hydrochloric acid, simultaneously rearranging itself : 

' CeHflNHOH -1- HCl = CeHsNHCl + H 2 O 
C6H5NHC1-^C1C6H4NH2. 

The same mechanism of molecular rearrangement must 
be assumed in Gattermann's reaction: , 

C6H6NH0H-^0HC6H4NH2 

Direct proof of the correctness of this view was produced 
by Gattermann® on adding benzaldehyde to the solution of 
nitrobenzene in sulphuric acid. Benzylidenephenylhydroxyl- 
anaine is formed: 

/0\ 

CflHsNHOH 4- OHCCsHg - CeHg - N— HO - CeHs ; 


^ Ztscbr f Elektrochemie 2 , 472 (1896) 

2 Ber d deutsch cbem. Gesellsch 29, 1894 (1896) 
»Ibid, 3034, 3037, 3040 (1896) 



THE ELECTROLYSIS OP AROMATIC COMPOUNDS 139 

ie. the condensation product of phenylhydroxylamine with 
benzaldehyde 

A similar influence of the cathode material^ as observed 
by Elbs in replacing the platinum electrode by a lead cathode 
in sulphuric-acid solution, was found by Lob ^ when he used 
a lead cathode in hydrochloric-acid solution No chloramline 
was formed, aniline being produced almost exclusively 

Further observations concernmg the mfluence of the cathode 
material in reductions were made by Lob^ in his studies on 
the electrolytic preparation of benzidine His results are 
briefly the following 

1 Platinum and nickel electrodes behave alike in the 
experiments to reduce mtrobenzene m acid solution to ben- 
zidine Carbon cathodes, on the contrary, give only little 
benzidine, zinc and amalgamated zinc electrodes yield no, 
or extremely little, benzidine, while amlme, as already pre- 
\nously observed by Elbs, results as the principal product 

2 Mercury, nickel, copper, zmc, lead, iron, brass, and zinc 
amalgam were tried as electrode material in respect to their 
reduction behavior in the reduction of azobenzene to benzi- 
dine in alcohol-sulphuric — acid solution. It was shown that 
the furthest utihzable reduction was obtained with mercury; 
the usefulness of the other metals was determmed to be in 
the followmg order Lead, sheet nickel, mckel-wire gauze, 
copper, zinc, iron, and brass 

3 In the reduction experiments of nitrobenzene to azo- 
benzene m alkaline-alcoholic solution mercury electrodes prove 
good; however, mckel-wire — gauze electrodes give excellent 
results This had been already shown by Elbs^ 

4 The same is true in the reduction of nitrobenzene to* 
azoxybenzene in an alkaline aqueous suspension 

Fmally, the employment of a strong hydrochloric acid and 
a tin cathode, or an unattackable cathode with addition of 


^ Ztschr f Elektrochemie 4, 430 (1898) 

2 Ibid 7, 337, 597 (1900-1901) 

3 Ibid 5, 108 (1898) 
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stannous chloride, was ascertained to constitute a favorable 
condition for the reduction of azoxybenzene and azobenzene 
to benzidine 

The practical results of all these investigations for the 
reduction of nitrobenzene and its reduction phases are briefly 
the following 

At attackable electrodes, like zinc, lead, and tin, the reduc- 
tion generally proceeds further than at unattackable electrodes, 
such as platinum, mekel, and mercury The attempts to 
utihze technically these properties of the cathode metals for 
a series of nitro-bodies led to important patents 

Thus Boehnnger & Sohne ^ (Mannheim) patented a process 
by which, when employing tin-cathodes (or cathodes of other 
indifferent metals with an addition of a small quantity of a 
tin salt), fatty or aiomatic nitro-compounds, dissolved or 
suspended in aqueous or hydro-alcoholic hydrochloric acid, 
can be reduced m almost theoretical yields to the correspond- 
ing amines 

In hydrochloric-acid solution, as already mentioned, chlor- 
anilines are produced at platinum electrodes 

According to another patent ^ of the same firm, copper, 
lead, iron, chromium, and mercury can be used instead of tin, 
if these metals are added in the form of their salts or as a finely 
divided powder to the cathode electrolyte 

After the publication of these patents Elbs and Silbermann 3 
reported that if a lead cathode in sulphuric acid is employed, 
the same results are attained. It proved to be true that in 
order to obtain the best yields of aniline diluted alcohol served 
as a better diluent for the sulphuric acid than the glacial acetic 
acid formerly employed. Zinc behaves in sulphuric-acid solu- 
tions like lead, however, the precipitation of difiEicultly solu- 
ble zinc double salts is a hindrance. Elbs likewise obtained 
90 per cent of the theoretical yield of toluidines from o- and 


< 1 D. R P No 116942 (1899) 

2D R. P No 117007 (1900) 

* Ztsohr. f Elektrochemie 7, 689 (1901) 
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m-mtro toluene; the yield from p-nitrotoluene was* a few per 
cent less. 

A supplementary patent of Boehrmger & Sohne ^ extends 
the process of the D, R P No 116942 to the reduction of 
azo-bodies to amines. 

The patent claim is as follows Process for the reduction 
of azo-bodies to the corresponding amines , consisting in 
reducing azo-bodies in acid solution by simultaneously con- 
ductmg a constant electric current either with a tin cathode, 
or with an mdifferent cathode and the addition of a tin salt 
or pulverized metallic tm 

In a later patent ^ C F. Boehrmger & Sohne pomt out that 
the mtro-compoimds m acid solution can not only be reduced to 
amines with such metals as easily evolve hydrogen with dilute 
acids, but also with copper This fact offers particular technical 
advantages, because copper can be most easily and completely 
regenerated electrolytica ly from the liquors While in the 
above-mentioned methods the reduction to the ammes is made 
in acid solution, C. F Boehrmger & Sohne have obtamed a 
patent ^ according to which it is also possible to reduce nitro- 
bodies to the corresponding amines in alkahne and alkah-salt 
suspension, if a copper cathode with or without the addition 
of copper powder is employed 

Accordmg'to an investigation by Elbs and Brand, ^ the 
addition of copper powder is absolutely necessary for ob taming 
the desired effect 

In 1899 the Farbenfabriken vorm Friedr Bayer & Co ^ 
(Elberfeld) patented a process for electrolytically preparmg azo- 
and hydrazo-campoimds The method is characterized by the 
fact that the nitro-body to be reduced is held suspended in the 
alkaline cathode liquid, and is reduced durmg continuous vigor- 


1 D R P No 121835 (1900) See also the English Pat No 19879 
(1901) 

2 D R P No 127815 (1901) 

3 D R P No 130742 (1901) 

* Ztschr f Eiektrochemie 8, 789 (1902) 

B D R P No 121899 (1899) 
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ous stirring and the addition of a metallic oxide solution of zinc, 
tin, or lead. 

This method was then extended by a supplementary patent, i 
according to which the reduction of aromatic nitro-bodies is 
carried out in aqueous alkaline suspension instead of in the 
presence of alkali-soluble oxides of the heavy metals and the 
use of such metal cathodes the oxides of which are soluble in 
alkahes 

It is very evident, from all these observations, what influence 
the cathode material exercises on the obtainable reduction 
phase of nitrobenzene and its derivatives There is no lack of 
attempts to explain this influence The expressed opimons can 
be grouped under three points of view 

1 The specific action of the cathode metal is a purely 
chemical function. 

2 It is a purely electric function, and depends upon the 
potential values obtainable on the various metals 

3 A summation of electrical and chemical influences occurs. 

Elbs 2 defends the first view. He explains the aniline forma- 
tion at lead and zinc cathodes in sulphuric-acid solution in the 
following manner 

"We will have to suppose that the lead sponge occurring at 
the lead cathode reduces the nitrobenzene to aniline. Men- 
tionable quantities of lead sulphate cannot be found, since this 
is continually reconverted to lead sponge by the freed hydrogen 
ions. This process is analogous to the one previously published 
by me 3 in which a hydro-alcoholic solution of nitrobenzene 
acidified with sulphuric acid gives aniline when a zinc cathode 
is used. Considerable quantities of zinc sulphate do not occur 
At a platinum cathode, under the same conditions, no aniline is 
formed, but azoxybenzene and hydrazobenzene or benzidine 
form This has been confirmed by Haussermann.” ^ 

The explanation attempted by Elbs agrees in general with 

‘ D. R P No 121900 (1899) 

’ Ztschr. f Elektrochemie 2, 474 (1896). 

“ Chem Ztg 17, 209 (1893) 

‘Ibid, 129 (1893) 
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that advanced m the specifications of C F Boehrmger & Sohne’s 
patents, D R P No 116942 and No 117007 

attackable cathodes of metallic tin are employed, tin is 
dissolved continually at the cathode during the simultaneous 
reduction of the nitro-body so long as unchanged nitro-com- 
poimds are present. The metal is, however, immediately 
precipitated again on the cathode in the form of spangles or mud 
Wlien an unattackable cathode, say nickel, is used, and stannous 
chloride added, metallic tin is first precipitated on the cathode; 
the process folfowing then resembles the one above explamed 
A transition of positively laden tin ions from the cathode into the 
electrolyte follows, and a deposition of tin ions at the same 
place Very small quantities of tm hence suffice for reducing 
any desirable quantity of a nitro-body/^ 

Haber, ^ on the basis of extensive experiments, defends the 
opimon that only the cathode potential is decisive for the 
obtainable reduction phase This mvestigator, by carrymg out 
the reduction of nitrobenzene in acid and in alkalme solutions 
with variable and — in several experiments — constant cathode 
potentials, succeeded in proving that, dependmg upon the 
chosen cathode potential, the reduction can be directed at will 
to the several reduction stages He was thus able to determine 
the dependence of the formation of phenylhydroxy] amine, 
azoxybenzene, hydrazobenzene, and anilme upon the cathode 
potential, and thus obtamed an insight into the reduction stages 
in the case of nitrobenzene Aided by the researches of Bam- 
berger, he was thus led to a clear understanding of the grada- 
tion occurrmg in the^ reduction of mtrobenzene. 

Lob,^ by reason of his experiments with Moore, coincides 
with Haber^s opinion, but he proceeds from other considerations 
concerning the reduction mechanism (see p 14) 

The third opimon was advanced by Chilesotti ^ and Tafel ^ 


1 Ztschr f Elektrochemie 4, 506 (1898) , Ztschr f phys. Chemie 32, 193, 
271 (1900) 

^ Ztschr f phys Chemie 47, 418 (1904) 

3 Ztschr f Elektrochemie 7, 768 (1901) 

^ Ztschr f anorg Chemie 21, 289 (1902) 
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According to this view, electrical and chemical influences can 
be simultaneously active. 

Chilesotti, in order to determine the purely chemical action 
of the metals, subjected nitrobenzene and also phenylhydroxyl- 
ainine, fonned intermediately in the electrolytic reduction, to 
the action of electrolytically prepared copper sponge in alcoholic 
hvdrochloric- or sulphuric-acid solution The copper sponge was 
that formed at the cathode when a copper electrode is employed, 
or when a copper salt is added to the electrolyte He found 
that, chemically, copper can reduce nitrobenzene only mth a very 
insignificant velocity; phenylhydroxylamine, on the contrary, 
was almost completely reduced to aniline in a very short time 
He concludes “ Judging from these expei iments, the progress of 
the leaclions in the process for clectrotytically reducing aromatic 
nitro-compounds to amines, primarily in the presence of copper 
or ferric salts, can be summed up m the following manner' 
The current at first reduces the mtro-bocly to phenylhy- 
droxylamine (which also happens m the absence of the mentioned 
salts) and simultaneously deposits spongy copper or produces 
ferrous salt These in turn now reduce, in a purely chemical 
way and during electrolysis (as shown by the experiments), 
the phenylhydroxylamine very rapidly to the amine. Hereby 
they again revert to the copper or ferric ion and are again subject 
to the current action It remains an open question, and one 
that cannot at least be directly negatived, whether the current 
action can also at the same time and primarily effect the reduc- 
tion of phenylhydroxylamine to the amine at the cathode 
potential given by the copper or ferrous salt. Thus we can also 
suppose in the case of tin, lead, or zinc electrodes, that in their 
presence or in that of their salts the current can primarily form 
phenylhydroxylamine. The deposited metals can now reduce 
chemically both this compound and the nitro-compound. They 
would very likely prefer the former, since they could apparently 
carry out this reduction with the greatest velocity ” 

Tafel, by reason of his experiments on the reduction of nitric 
acid in the presence of sulphuric acid, is inclined to this view. 
He found that nitric acid in sulphuric-acid solution and at a 
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lead cathode is primarily reduced almost exclusively to hy- 
droxylamme, which can only with great difficult}" be changed 
electrolytically into ammonia At copper electrodes ammonia 
exclusively is formed Since nitric acid cannot be reduced to 
hydroxylamme to any appreciable extent chemically by copper, 
nor electrically at copper electrodes, Tafel supposes that an 
intermediate product is formed in the electrolysis of nitric acid; 
possibly dihydroxylamine NH(OH)2 possesses the property of 
being chemically reduced by copper to ammonia Thus the 
reduction to hydroxylamme would be a purely electrical process, 
while the formation of ammonia at copper electrodes depends 
on a combination of electrical and chemical reductions 

Two important results can be derived from all these investi- 
gations The certain insight into the course of the reduction of 
the single phases and the clear knowledge of the importance of 
the cathode potential 

Since the decisive relations have been worked out with 
the simplest representative of a nitio-body, nitrobenzene, the 
necessary data on this substance will be discussed first, and 
these data will be supplemented so far as necessary under the 
derivatives of nitrobenzene 

b The Reduction of Nitrobenzene. 

I. Chemical Relations. 

The course of electrical reduction, hke that of purely chem- 
ical reduction, depends decisively upon whether the reduction is 
carried out in an alkahne or acid solution But these relations 
are of a positive nature in electrolysis only so long as they are 
not compensated by the electrical factors, such as cathode 
material and potential To avoid a complication, it is necessary 
to hnait the considerations primarily to unattackable cathodes 
and to take no account of an adjustment to certain and constant 
cathode potentials, and to exclude a secondary interference of 
the solvent, for mstance by molecular rearrangements In 
this general comprehension of the problem it can be said 
that the well-known chemical rule reoccurs in electrolytical 
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reduction; viz, in acid solution the formation of aniline is 
favored, in alkaline solution that of azoxy- and azobenzene 

Lob ^ has tried to explain these facts on the basis of the 
electrolytic dissociation theory He emphasizes the fact that 
m alkaline solution sodium ions, in acid solution hydrogen 
ions, tend chiefly to effect reduction In the latter case the 
possibility of hydrogen addition, which facilitates the toima- 
tion of hydrazo- and amido-compoimds, is present on a large 
scale Even il these considerations, particularly the suppo- 
sition that in alkaline electrolytes the sodium ions form pri- 
marily the reducing agent, are thoroughly established, they 
seem unsmtable as a basis of a general theory of reduction, 
because Haber has proved by thorough investigations that 
the typically alkaline reduction products, azoxy- and azo- 
benzene, possess a secondary character, — do not belong to 
the normal course of reaction, but are first formed by the con- 
densations of normal reduction phases • Since Haber has 
also shown that the primary reduction products m alkaline 
and acid electrolytes are the same, the divergencies m the 
results can be explained only by the imequal reaction veloci- 
ties with which the mentioned condensations occur, so that 
in this the influence of the sodium ions and hydrogen ions 
shows itself 

We are indebted to the labors of Bamberger and his pupils ^ 
and to Haber’s ^ extensive investigations for the explanation 
of the reduction mechanism. 

The typical order m alkaline and in acid reduction is: 
Nitrobenzene-^ nitrosobenzene->phenylhydroxylamine-^aniline. 
However, further reductions which often interrupt the smooth 
progress of the process from nitrobenzene to aniline occur be- 
tween these simple reduction products. A number of possi- 
bilities hinder the appearance of the above-mentioned t3rpical 
reaction scheme unless especial conditions are created; thus 

* Ztschr fur Elektrochemie S, 39 (1896) 

2 Ber d deutsch, chem Gesellscb. 31, 1500, 1522 (1898), 33, 274 (1900) 

*Ztschr i Elektrochemie 4, 511 (1898); Ztschr I'phys Chem. 32, 271 
(1900) 
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in the first instance the condensation of nitrosobenzene with 
phenylhydroxylamme to azoxybenzene, which is further re- 
ducible to hydrazobenzene; also the reaction of the hydrazo- 
benzene thus produced mth unchanged nitro- or nitrosobenzene 
to azobenzene, which is likewise a primary source of hydrazo- 
benzene, then the rearrangement of the latter to benzidine, 
that of phenylhydroxylamme to amidophenol or its derivatives, 
and finally the capability of phenylhydroxylamme to yield 
azobenzene in alcohohc-alkahne solution with the splitting off 
of water 

The different processes occur in varying proportions quan- 
titatively or quahtatively, depending upon the nature of the 
electrolyte and of the cathode material, and upon the current 
conditions 

The following reduction and reaction scheme can be given 
in support of Haber^s descriptions for the electrolytic processes. 


CeHsNO 



Azoxybenzene is therefore formed by condensation of nitro- 
sobenzene and phenylhydroxylamlne This reaction, like the 
production of azobenzene, takes place very rapidly under 
the influence of sodium ions, the ready occurrence of both of 
these substances in alkaline solution is thus easily explained. 
Azobenzene is mostly produced by a condensation of nitro- 
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benzene or nitrosobenzene with hydrazobenzene, which in 
turn IS a direct reduction product of azoxybenzene 

I. 2C6H5N02+3C6H5NH-NHC6H5->C6H5N -NCsHs 

\ 0 / 

+ 3C6H5N=NC6H5+3H20 

11. 2C6H5N0+C6H5NH-NHC6H5-^C6H5N- NCeHs 

\ 0 / 

+ C6H5N=NC6Hs + H20 


A splitting off of water, especially in alcoholic-alkaline 
solution, readily converts phenylhydroxylamme into azo- 
benzene 

2C6H5NHOH -2H20->C6H5N = NCsHg 

Azobenzene, like azoxybenzene, can also pass into hydrazo- 
benzene, and further to aniline In acid solution the mo- 
lecular rearrangements readily occur Phenylhydroxylamme to 
amidophenol, and hydrazobenzene to benzidine and diphen- 
yline. If the problem is to obtain certain reduction phases, the 
task will be to determine those conditions of experiment which 
will reduce as far as possible the velocity of all competing 
reactions Thus, if we designate all processes which deviate 
from the straight reduction path — nitrobenzene-^nitroso- 
benzene— ^phenylhydroxylamine-^aniline — as secondary conden- 
sations and secondary rearrangements, the following conditions 
will, for example, be presented as suitable for the preparation 
of aniline- Very high 1 eduction velocity, combined with very 
low condensation velocity (avoidance of azoxybenzene and 
azobenzenc) and very tiifling rearrangement velocity (avoid- 
ance of amidophenol). 

In like manner the conditions are to be varied according 
to the object in view, to obtain azoxybenzene the reduction 
velocity must be lowered, and the condensation velocity 
increased The means by which we can accomplish at will 
'this or that reaction will more accurately be explained under 
the individual reduction phases. 
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n. Sigiuficance of the Electncal Relations 

It is evident that the whole connection between experi- 
mental conditions and the obtainable reduction phase is regu- 
lated by the reaction velocities of the competing processes. 
The possibility of the formation of each reduction product 
IS always present in the reduction of nitrobenzene, only 
those products, however, can become the principal products 
which are so rapidly produced that the other possible processes 
cannot find time to take place to any appreciable extent. 
Thus only anihne will be principally produced if the inter- 
mediately occuriing phenylhydroxylamine is not rearranged 
more qmckly than the reduction takes place Inversely, 
to obtain amidophenol, the rearrangement velocity must be 
so increased that the reduction velocity of phenylhydroxyl- 
aimne will be trifling. 

The point is to determine the factors upon which the 
velocity of reaction leading to the separate phases depends 

This question can be divided and simplified. It is, therefore, 
apparent that a whole series of circumstances must be decisive 
The nature of the cathode will regulate the actual reduction 
speed (p 11 et seq ), either by furmshing the reducing ions, or by 
influencing catalytically the reaction between the discharged 
ions and the depolarizer, or by both influences making them- 
selves felt simultaneously The concentration of the acid 
influences the velocity of rearrangement, either of that of 
the phenylhydroxylamine or of the hydrazobenzene. The 
nature and concentration of the alkali, and the presence or 
absence of alcohol, deternaines the velocity of the condensa- 
tions or of the sphtting off of water from phenylhydroxyl- 
amine, and these relations mutually permeate one another. If 
the problem can thus be subdivided into individual problems, 
it can also be considerably simphfiecl by the form of the 
interrogation- Is there one factor in which all these relations 
are decisively expressed; is there one quantity which determines 
clearly the velocities of the possible reactions ? 

The answer, under certain limitations, is an affirmative 
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one. The value of the cathode potential wholly includes all 
single factors — a certain value of the cathode potential corre- 
sponds to a wholly certain reduction product, no matter if it 
occurs primarily or secondarily. To emphasize only the one 
important point — so long as a body acts as a depolarizer it 
acts codeterminatively on the value of the potential If 
Its depolarizing property is destroyed by rearrangements, 
or by condensations which have nothing to do directly with 
the electrical process, this reaction must express itself in the 
value of the potential Of course a certain phase cannot 
be produced under all conditions, for instance, at optional 
concentrations of the electrolyte; this shows itself m the 
fact that it is not then possible to obtain the potential con- 
ditioning this phase — the potential always remains the meas- 
m-e for the possible effect. However, these considerations 
arc only true provisionally in the case where the relation in 
which the potential stands to the current strength and to 
the concentration of the depolarizer is a permanent one, which 
can easily be fulfilled by a smtable choice of conditions Excep- 
tions to the rule and the cause of the exceptions will be explained 
presently 

Use is not always made of this important fact in practice; 
the existing chemical experiences, the simplicity of the experi- 
ments often render it feasible to produce the desired effect 
with certainty by observing a series of easily controlled con- 
ditions such as concentration, temperature, electrode mate- 
rial, and current density — but these conditions then have 
only the effect of limiting the potential to the values necessary 
for obtaining the result. The determination of this relation 
required some time, and even to-day the connection between 
potential and reaction velocity is not recognized by all inves- 
tigators.^ 


1 Thus Bibs has recently referred the different behavior of the m-, 
and p-compounds, in the reduction of the nitrotoluquinolines, to stereo- 
chemical hindrance/^ laying particular weight on the explanation that the 
course ot the reduction depends upon the cathode potential (Ztschr f 
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Haber ^ deserves the credit of having determined the 
importance of the potential at unattackable cathodes in the 
reduction of mtrobenzene Later Lob and Moore ^ experi- 
mentally proved for a whole series of cathode metals and 
additions that with equal cathode potentials the results are 
always qualitatively and quantitatively the same ; but if 
the potential is neglected the most varied products result 
But the potential is only a measure for the reduction energy 
if the total current work is essentially employed for the reduc- 
tion process, and if greater quantities of it are not used up for 
accomplishing certain other work at the electrodes Cases 
in which this occurs have been observed by Russ,^ and by 
Haber and Russ^ They tried to explain these, as touched 
upon m the first chapter It appears, namely, that the elec- 
tric energy necessary for a certain fixation of the potential 
of the cathode often depends not only upon the chemical 
material of the cathode, but also upon its surface and its pre- 
vious treatment Retarding or accelerating influences can occur 
at the electrode, a pre-polarization especially can convert it into 
an active labile condition, whose cause — perhaps the formation 
of a gas film absorbed by the electrode — has not yet been 
explained If the renewal of such a gas film, or more gen- 
erally speaking, the restoration of the changeable electrode 
conditions, demands appreciable quantities of the total work, 
the potential can no longer serve solely as an expression for 
the chemical changes at the cathode. 

Lob and Moore have experimentally proven the decisive 
importance of the potential in the reduction of nitrobenzene, 
the electrodes investigated by them were not seriously affected 


Elektrochemie 10, 579 (1904) In reality it is a question of competi- 
tive reaction velocities which must find their expression in the potential 
iZtschr f Elektrochemie 4, 511 (1898), Ztschr f phys Chemie 32, 193 
(1900) 

^ Ztschr f phys Chemie 47, 418 (1904). 

8 Ibid 44, 041 (1903) 

* Ibid 47, 257 (1904) 
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by the last-mentioned influences The results of their investi- 
gation are the following* 

In the reduction of mtrobenzene in a 2% aqueous sodium- 
hydroxide solution, according to pievious publications, azoxy- 
benzene is formed at platinum and nickel electrodes, azobenzene 
at lead, tin, and zinc cathodes, and aniline at copper cathodes, 
especially in the presence of copper powder It was found 
that, in an unchangeable experimental arrangement, a cathode 
potential of 1 8 volts, as measured m connection with the deci- 
normal electrode, could be carried out with all the chosen 
cathodes and additions At this constant potential, by using 
different metals and adding various metallic hydroxides, the 
whole reduction was carried out and the nature and quantity 
of the reduction products determined in each case It turned 
out that the emphasized differences in the results disappeared 
and that, with an equal potential of all cathodes, similar yields 
of azoxybenzene and aniline and traces of azobenzene resulted 
The cathodes were of platinum, copper, copper and copper 
powder, tin, platinum with addition of stannous hydroxide, 
zinc, platinum with addition of zinc hydroxide, lead, platinum 
with addition of lead hydroxide, and mckel. The yields of 
azoxybenzene varied fiom 41-65%, of aniline 23-53%. 

Considering the trifling quantity of the pioduct started 
with which had to be chosen in order to at all cany out the 
experiments, and considering the difficulty with which an 
accurate quantitative separation and determination of the 
reduction products could be carried out, the proposition that 
can be laid down as a sure result of the above is that the cathode 
potential is the measure for the reduction energy for nitrobenzene 
when a 2% sodium-hydroxide solution is employed as electrolyte 

Another investigation may here be mentioned which — 
chiefly carried out with nitro-bodies — contains ideas which 
become of general importance and can perhaps furnish a new 
physicochemical method for determining constitutions 

Panchaud de Bottens ^ has determined the drop in potential 


* Ztschr f Elektrochemie 8, 305, 332 (1902) 
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to which a hydrogen electrode is subject on the addition of bodies 
of the aromatic series Tnese ^^depolarizing values/^ when 
measured under exactly similar circumstances, are a function 
of the chemical nature of the depolarizer and are closely related 
to their composition and constitution It might be of particular 
interest to choose an oxygen electrode in place of a hjxlrogen 
electrode, since perhaps all organic substances show a depolaiiz- 
ing value when measured by the foimei The results are ttie 
following: 

The depolarization of a hydrogen electrode in the presence of 
a reducible body was investigated, fift 3 ^“thiee aromatic bodies 
being thus examined: Nitroso-, nitro- and mti osanune-, 
isodiazo- and diazomum-bodies The investigation of the depo^- 
larization was made by taking into consideration its course in 
time and in connection with the concentration 

1 The reduction energy of hydrogen at platinized platinum 
electrodes can be given in comparison with reducible bodies as 
^^depolarization value in volts 

2 Analogously constituted bodies have analogous depolar- 
ization values. 

3 Different groups of depolarization values correspond to 
differently constituted groups of bodies 

4 The absolute values of the classes of bodies investi- 
gated in acid solution (Vi H2SO4 or “/i CH3COOH) are the fol- 
lowing* 

а. NitrosO“Compounds = 0 64—0 5 volt, 

б. Mononitro-compounds = 0 33 — 0 23 volt, 

c. Nitrosamines and isodiazohydrates = 0 16 — 0 09 volt,, 
d Diazonium compounds =0 47 — 0 37 volt, 

6. Isodiazotates, normal diazo-compounds, do not de- 
polarize. 

5 Regular laws have not resulted in the case of isomers 
within a group 

6. In acid solution, in the case of isomers of nitro-disubsti- 
tution products, the ortho-position proved to be the one which 
depolarized the hydrogen electrode the most 
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7. The method for the determination of the depolarization 
value shows in the case of the two investigated isodiazohydrates 
(isodiazobenzenehydiate and p-nitroisodiazobenzenehydrate) 
that they belong to the nitrosamines 

III Presentation of the Reduction Phases of Nitrobenzene. 

An idea of the electrolytic behavior of nitrobenzene is best 
obtained by the use of the reduction scheme, by carrying out 
the experiments according to the chief products occurring in 
the reductions For after the first observations of Kendall, ^ 
Elbs,2 Haussermann,3 and Lob,^ — who all taught and showed 
the variety of obtainable products that it is possible to brmg 
about eleetrolytieally at almost every reduction stage — a desire 
predominated to find out the conditions which make possible 
and favor the preponderating formation of a certain substance 
The primary reduction products are nitrosobenzene, phenylh}'^- 
droxylamine and aniline Secondary substances, i e those 
produced by chemical action, are azoxybenzene and azobenzene, 
which in turn can give hydrazobenzene or benzidine and aniline. 
Phenylhydroxylamine can pass into amidophenol and also 
undergo other rearrangements and condensations. The pos- 
sibility of causing at will certain phases to yield the chief prod- 
ucts of reduction is of great importance for the manufacturing 
and technical side of the electrolysis of nitrobenzene. The 
following is known concerning the formation of the separate 
reduction stages 

Nitrosobenzene. — ^It is natural that so good a depolarizer as 
nitrosobenzene is at the cathode cannot be separated as such 
under the conditions of a continuous reductiour Haber,® by 
adding a-naphthol and hydroxylamine to the electrolyte in 
alkaline solution, could, however, prove the presence of nitro- 
sobenzene in the form of its characteristic condensation product, 

» D R P No 21131 (1883) 

» Chem Ztg 17, 209 (1893). 

« Ibid., 129, 209 (1893) 

^Ztschr f. Blektrochemie 3, 471 (1897). 

' Ibid. 4, 511 (1898). 
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benzeneazo-a-naphthol, CeHsN^NCioHeOH; similarly in acid 
solution by adcLng hydroxylamine and a-naphthyl amine, 
as benzeneazo-a-naphthylamine, CeHsN =NCioH 6 NH 2 These 
methods of preparation of both dyes are, of course, only of 
theoretical interest 

Phenylhydroxylamine. — Haber ^ electrolyzed a solution of 
10 g mtrobenzene m 215 cc glacial acetic acid, which was. 
diluted to 425 cc , m an earthenware cyhnder, and employed 
a platinum cathode of 25 sq cm surface (one side) and a current 
density of 1 5, later 1, amp For this latter a voltage of 80 was 
at first necessary, on account of the low conductivity of the 
solution The temperature was kept below 20^ by artificial 
coolmg After six to eight hours the electrolyte contained 
large quantities of phenylhydroxylamme The same investi- 
gator ^ m conjunction with Schmidt, on electrolyzmg mtro- 
benzene in alcoholic ammoma with addition of sal-ammomac, 
isolated phenylhydroxylamine, besides azoxybenzene and a 
little azobenzene 

C. F Boehrmger & Sohne and C. Messmger ^ obtain phenyl- 
hydroxylamine in a peculiar manner. A lead electrode and an 
earthenware diaphragm are placed in a container, and a porous 
carbon cell in the earthenware diaphragm The lead electrode 
serves as anode, the carbon cell as cathode The outer container 
and the earthenware cell are filled with a 30% sulphuric 
acid serving as electrolyte; nitrobenzene is forced through the 
carbon cell towards the earthenware cell imder a pressure of 
0.5 atmosphere. If the solution is now electrolyzed at a current 
density of 2 amp per square decimeter and a temperature up to 
25°, phenylhydroxylamme is formed as end-product, since at 
this low temperature and ip. the dilute acid no molecular rear- 
rangement into amidophenol can take p^ace. 

Molecular Rearrangement and Condensation Products of 
Phenylhydroxylamine. — ^The difficulty and subtilty of the 
electrolytic preparation of phenylhydroxylamme depends upon 

1 Ztschr f Elektrochemie 4, 511 (1898) 

2 Ztschr f phys Chem 32, 283 (1900) 

3 D R P No 10905 (1898) 
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the great reactivity of the body, which reactivity exposes it, 
even during the electrolysis, to further reactions. In alkaline 
solution it IS chiefly the condensation of phcnylliydroxylamine 
with its predecessor in the reduction, nitrosobenzene, to azoxy- 
benzene, or in alcoholic-alkaline solution the condensation of two 
molecules to azobenzene In acid solution the rearrangement 
phenomena caused by the acids are chiefly important Owing to 
the dependence of the rearrangement velocity upon the acid 
concentration, concentrated acids are best suited for the pur- 
pose. The nature of the acid is often decisive for the 
rearrangement products 

Amidophenol. — On reducing nitrobenzene in concentrated 
sulphuiic acid, Noyes and Clement^ obtained p-amido- 
phenolsulphonic acid. Gattermann and Ivoppert,^ by using 
nitrobenzenesulphonic acid in tolerably concentrated sul- 
phuric acid, got p-amidophenol sulphate Gattermann,® on 
varying the experimental conditions, also employing con- 
centrated sulphuric acid, obtained para-amidophenol directly 
from nitrobenzene Ho explains the latter’s formation by 
assuming the intermediate production of phen}dhydroxyl- 
anaine, which in further reduction rearranges itself into the 
end-product 

CeHsNOa -h 2H2 = CeHsNHOH + H2O, 
C6H5NH(0H) = NH2C6H4OH 

Some o-amidophenol is formed besides the p-compound 

Chloraniline. — Lob ^ has found that p- and o-chloraniline 
are obtained by the electrolytic reduction of nitrobenzene 
suspended in fuming hydrochloric acid, nitrobenzene dissolved 
in alcoholic hydrochloric acid, and nitrobenzene dissplved in 
mixtures of hydrochloric and acetic acids With hydrobromic 
acid the corresponding bromanilines are formed. 


^ Ber d deutsch chera Gesellsch. 26, 990 (1893) 

2 Chem Ztg 17, 210 (1893) 

® Ber, d. deutsch chem, Gesellsch. 26, 1844 (1893) 

* Ztschr f Elektrochemie 3, 46 (1896); Ber d deutsch chem Gesellsch 
n, 1894 (1896) 
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The reaction takes place as shown in the following equations: 

1 C6H5N02 + 4H=C6H5NH0H+H20 

2 C6H5NH0H + HC1 = C6H5NHC1+H20. 

3 C6H5NHC1= p“C1C6H4NH2 

The phenylchloramine formed hy the action of hydro- 
chloiic acid on phenylhydroxylamine changes by molecular 
reaiiangement into o- and p-chloranilme 

Condensation Products with Aldehydes, — Gattermann^ has 
obtained direct proof of the intermediate formation of phenyl- 
hydroxylamine in the preparation of amidophenol by adding 
benzaldehyde to the solution at the beginning of the elec- 
trolysis He was thus able to isolate a condensation product 
of phenylhydroxylamine with benzaldehyde In this w^ay he 
obtained from nitrobenzene henzylidene-phenylhydroxylamine^ 

/ 0 \ 

CeHsN-CH CeHs 


The presence of formaldehyde in the electrolytic reduction 
of nitro-compounds produces an effect entirely different 
from that caused by the addition of benzaldehyde The 
phenomena occurring in this case have been thoroughly 
investigated by Lob ^ 

The fundamental object of his researches diffeis from 
that of Gattermann, in that Lob undertakes to estabhsh 
the separate phases of the reduction of the mtro-group. 
T his he accomplishes by the addition of formaldehyde to 
the electrolyte under varying conditions, and as a result the 
intermediate products, at the moment of their formation, com- 
bine vnth formaldehyde, producing condensation compounds 
which do not undergo further decomposition By regulat- 
ing the potential or density of the current the reaction can at 


‘ Ber d deutsch chem Gesellsoh 29, 3040 (1896) 
2 Ztschr f Elektrochemie 4, 428 (1 898) 
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will be checked at a perfectly defimte phase of the reduc- 
tion 

In the electrolysis of nitrobenzene by this method there 
were formed' 

1. p-Anhydrohydroxylaminebmzyl alcohol, 


which may also be directly prepared by the action of for- 
maldehyde on phenylhydroxylamine 

2. Methylenedi-p-anhydroamidobenzyl alcohol, 


CH'2 


/NH-C6H4CH2\^T 

\NH 


a reaction product of formaldehyde and aniline, 
3 Anhydro-p-amidobenzyl alcohol,^ 



which can be like-wise obtained by the action of formaldehyde 
upon amline 

Azoxybenzene. — This substance was recognized some time 
ago in the investigations of Elbs,^ Haussermann,-'* Straub,^ etc., 
as one of the reduction products occurring both in the acid 
and alkaline electrolytic reduction of nitrobenzene Bam- 
berger and Haber then explained its formation by the con- 
densation of phenylhydroxylamine and nitrosobenzene. Lob,* 
by electrolyzing nitrobenzene suspended in dilute aqueous- 
alkaline or alkaline-salt solutions at unattackable cathodes 


^ Ber d deut$ch chem Gesellsch. 31, 2037 (1898)* 

2 Chem Ztg 17, 209 (1893) 

«Ibid„ 129 (1893) 

<D E* P No* 79731 (1894). 

*Ztschr f, Blektrochemie 7, 335 (1900); Ztschr f. phys Chem. 34, 641 
(1900) 
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(platinum, nickel, mercury), succeeded in finding a method 
which gives a good material- and current-yield of azoxyben- 
zene almost free from other reduction products In tins 
case the unattackable cathode plays a leading part, aside 
from the use of aqueous electrolytes The choice of attack- 
able cathodes modifies the process very considerably, the 
nature of the metal producing individual effects. 

Azobenzene. — Alcoholic-alkaline solutions act differently 
from aqueous-alkahne electrolytes. Even if unattackable 
electrodes are employed with the former, the process can be 
regulated so as to give very good yields of azobenzene. This 
was demonstrated by Elbs and Kopp ^ Two concurrent 
processes determme presumably the azobenzene formation, 
firstly, the splittmg off of water from two molecules of phenyl- 
hydroxylamine produced by the mfluence of the alcohohc- 
alkaline solution; secondly, the reaction of hydrazobenzene 
(resulting from the azoxybenzene formed secondarily) with 
unchanged nitrobenzene or mtrosobenzene. That the latter 
reaction occurs is shown by the fact that, if the electrolysis 
is prematurely interrupted, azoxybenzene and azobenzene and 
hydrazobenzene are always present When alcoholic electrolytes 
were employed it proved advantageous to substitute for the 
free alkali sodium acetate which, on account of its easy solubility 
in alcohol, its good conductivity and trifhng action on the 
diaphragm, possesses considerable advantages over sodium 
hydroxide These processes are not technically valuable on 
account of the employment of alcohol. 

Bayer & Co ^ seek to avoid this latter inconvenience by 
reducmg nitrobenzene, suspended in aqueous alkahne or alkali- 
salt solutions, m the presence of such metallic cathodes, or the 
addition of such metalhc salts, whose oxides are soluble in 
caustic alkali, — ^for instance lead, zmc, tin, or their salts. The 
yields of azobenzene obtained by this method are said to be 


iZtschr. f Elektrochemie 5, 108 (1898), D R P No. 100233, 100234 
(1898) 

2D R P No 121899 and 121900 (1899) 
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almost quantitative. According to a patent ^ of the Farbwerke 
vorm. Meister, Lucius & Brumng, the reduction of nitro- 
benzene to azobenzene can also be accomplished in aqueous- 
alkaline solution, if the electrolysis is carried out without a 
diaphragm but with a large cathode and small anode and at a 
high temperature (105°-115°) 

Hydrazobenzene. — In hydrazobenzene we have a reduction 
product of nitrobenzene which is next in importance to aniline, 
bemg employed in large quantities in the manufacture of benzi- 
dine Its electrolytic preparation exceeds in importance that 
of aniline, the purely chemical method of preparing benzidine 
is moie complicated, less smooth, and gives poorer yields than 
that of aniline, so that great exertions have been put forth to 
make the electrolytic manufacture of the former practical 
According to Straub,^ hydrazobenzene is obtained from nitro- 
benzene in alcoholic-alkaline solution by choosmg such suitable 
conditions of solution that all mtermodiate products are kept in 
solution, but the difficultly soluble hydrazobenzene is precipi- 
tated, thus withdrawmg it from the further action of the current. 

Both azoxybenzene and azobenzene are converted, by 
suitabV reduction, into hydrazobenzene Both mehods have 
already been followed. Elbs and Kopp ® work m alcoholic- 
alkaline solution and obtain hydrazobenzene from nitrobenzene 
in one process, by way of azoxy- and azobenzene They obtain 
excellent yields, but by means of the techmcally impractical 
alcohol method. Bayer & Co. can make use of their patented 
process * for the preparation of azobenzene in the making of 
hydrazobenzene, by continuing the electrical reduction, and 
obtain good yields of tliis latter substance 

Lob chooses azoxybenzene as the primary substance in mak- 
ing hydrazobenzene This method corresponds to the theo- 
retically demanded reduction course, as explained for the 
azoxybenzene and azobenzene formation. According to this 

» D R P No 141535 (1902) 

» D. R P. No. 79731 (1894) 

• Ztschr f Elektrochemie 6, 108 (1898). 

‘ See p, 159 
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theory azobenzene is a condensation product of hydrazobenzene 
and nitro- or nitrosobenzene. 

Benzidine. — ^Tliat nitrobenzene, by electrolytical reduction 
in acid solution, can directly yield benzidine, was first proved by 
Haussermann,^ who used sulphuric acid. Lob ^ later proved the 
same to be true for hydrochloric-, acetic-, and formic-acid 
electrolytes. However, several reactions predominate in this 
direct acid reduction, winch prevent the carrying out of the 
reaction up to hydrazobenzene, or the formation of benzidine. 
Phenylhydroxylamme may particularly be mentioned in this 
connection In alcoholic-acid solution it is partly rearranged 
to amidophenol or its ethers, and partly reduced to aniline 
Azoxybenzene, m acid solution, is the startmg-pomt in the 
benzidme formation; however, m this case, the combining 
velocity of nitrosobenzene and phenylhydroxylamme is not very 
great, so that the latter is to a very considerable extent subject 
to the more rapidly actmg influence of the acid. 

Besides azoxybenzene, azobenzene also gives hydrazo- 
benzene, as already mentioned, e g. in acid solution benzidine 
results Azobenzene, however, is formed only in very small 
quantity 

Lob,^ convinced of the futility of thus being able to obtain 
a good yield of benzidine by a direct reduction of nitrobenzene 
in acid solution, sought to carry out the benzidine process 
by a careful realization of the conchtions theoretically required — 
primary preparation of azoxy- or azobenzene in the best quan- 
titative yields, i e. in electrolytes, contaimng alkali or alkali- 
salt, then reducing these products in acid solution. Two 
processes thus resulted ‘In the first one the electrolytic 
reduction was carried out to azobenzene in alcoholic-alkaline 
solution, then the cathode solution was acidified with sulphuric 
acid, and the further reduction and molecular rearrangement 
combined in one operation. The second process, which was 

1 Chem Ztg 77, 108 (1893) 

* Ztsehr f Elektroohemie 3, 471 (1897), Ber d deutsch chem Gesellsch 
29, 1894 (1896) 

s Ztschr f Elektrochemie 7, 320, 333, 597 (1900-1901) 
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worked out after the discovery of the electrolytic preparation 
of azoxybenzene, avoids the objection of adding alcohol, and 
takes place primarily in aqueous alkali- or alkali-salt solution 
at unattackable cathodes with azoxybenzene as the result It 
appears that azoxybenzene, in sulphunc-acid suspension, is 
an extremely poor depolarizer, but that the further reduction 
takes place very readily in a hydrochloric-acid electrolyte 
with the addition of a trifling quantity of stannous chloride. 
Some diphenyline and aniline is always formed besides the 
benzidine, the amlme probably by a splitting up and reduction 
of hydrazobenzene before its rearrangement 

Aniline. — The reactions which stand in the way of the 
benzidine preparation are also of a disturbing nature in the 
preparation of aniline by reduction in acid solution; espe- 
cially the reactiveness of the phenylhydroxylamine, its mo- 
lecular rearrangement and condensation, at first hindered the 
quantitative further reduction to aniline The overcoming 
of these obstacles was brought about by the choice of suit- 
able cathode metals Elbs first obseived the influence of 
the cathode metal in the electrolytic preparation of aniline. 
Lob later made the same observation. Elbs ^ found that 
the replacement of the platinum cathode by one of zinc con- 
siderably favored the formation of amlme from nitrobenzene 
in acid solution; later ^ he obtained with Silbermann the 
same successful result when any kind of a cathode was used 
with the addition of a zinc salt The same investigators have 
also proved in previous researches that, under similar cir- 
cumstances, and in sulphuric acid solution, much more aniline 
besides amidophenol, is produced at a lead cathode than at a 
platinum cathode. 

Lob,^ independently of these observations, found that 
an almost quantitative yield of aniline can be obtained from 
mtrobenzene in hydrochloric-acid solution and at a lead cathode; 

» caxem Ztg 17, 209 (1893) 

^ Ztschr f. Elektrochemie?, 589 (1901) 

•Ibid 8,472 (1896). 

* Ibid, i, 430 (1808) 
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later Elbs and Silbermaim ^ also obtained 90 per cent of the 
theoretical yield of aniline with the aid of a lead cathode. 

We are indebted to C F Boehringer & Sohne ^ for the 
comprehensive exploitation of the influence of cathode material 
in the preparation of aniline They have patented the results 
of their experiments The impoitance of the decisive condi- 
tions of the experiments, as m those of Elbs and Silbermann 
and of- Lob, hes in the increase of the reduction velocity of 
phenylhydroxjdamine to aniline, so that competing learrange- 
ment and condensation reactions are given no time to occur. 
Almost quantitative yields of anfline are obtained The nature 
of the process consists in reducing the mtrobenzene in acid 
solution, or suspension, by means of indifferent electrodes and 
with ,the addition of a tin, copper, iron, chromium, lead, or 
mercury salt, or the corresponding metal in a finely divided state 
The metal employed, or the corresponding degree of quanti- 
valence of the metal ion, is regenerated by the current, depend- 
ing upon the greater or less electrolytic ismotic pressure of the 
metal Cathodes of tm can also be employed instead of the tin salt. 

It may be mentioned incidentally, that according to in- 
vestigations by Moller® a strong odor of phenyhsocyanide, 
C6H5N=C, occurs m the electrolysis of mtrobenzene in alco- 
holic-alkahne solution and without a diaphragm. But a sepa- 
ration of the carbylamine could not be made. Homologues 
of mtrobenzene, when electrolyzed under analogous condi- 
tions, also yield isomtrile. 

c. Substitution Products of Nitrobenzene. 

I. General Laws governing Substitution. 

The reduction scheme sketched by Haber for the reduction 
of mtrobenzene also holds true for the substitution products of 
nitrobenzene in so far as the formation of their reduction 
phases can be coordinated to the same reduction, condensation, 
or molecular rearrangement processes But the decisive mflu- 

1 Ztschr f Elektrochemie 7, 589 (1901) 

2D R P No 116942 (1899), 117007 (1900) 

^ Ztschr f Elektrochemie 5, 463 (1898) 
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ence of the substituents manifests itself in various ways In 
the first place, the experimental conditions deternuned for the 
preparation of certain reduction stages of nitrobenzene do not 
obtain for its derivatives, at least only in a limited manner 
The position and nature of the substituents also often hinder 
the preparation of single phases In other words the reac- 
tion velocity with which i eduction, condensation, and rear- 
rangement take place is fundamentally influenced 

Nevertheless some reactions are known which possess a 
certain general applicability. This is true of Gattermann’s 
reduction in concentrated sifiphuric acid, which gives mostly 
amidophenols, if the ortho- or para-position is unoccupied. 
Only p-nitrotoluene and the nitroaldehydes form exceptions, 
which will be discussed 

The reduction in alkaline solution likewise leads almost 
always to azo- and azoxy-bodies, or hydrazo-bodies. The laws 
here predominating have chiefly been investigated by Bibs ^ 
and his pupils The exceptions to the rule, the occurrence of 
amines in place of azo- and azoxy-compounds were clearly 
explained by Bibs P-Nitranihne, electrolyzed under the same 
conditions wliich give m-diamidobenzene from m-nitranihne, 
yields only p-phenylenediarmne This phenomenon is based 
on the fact that p-nitranilme readily yields quinone derivatives, 
but m-nitraniline does not. Thus the primarily produced 
p-amidophenylhydroxylamine is changed to quinonediimide, 
which on further reduction can yield only a diamine: 

/NHOH ^NH 

I. CeHZ -t-HaO. 

\NH2 ^NH 

^NH /NHs 

II. CeHX +H2-^C6H4< 

^NH \NH2 

Or this rearrangement occurs already in the nitroso-phase, which 
leads to the same result: 

/NO ^NOH 

CeSZ -^C6H4C 

\NH2 ^NH 

‘ Ztschr f Elektrochemie 7, 133, 141 (1900) 
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Since the tendency to form quinone derivatives is lacking 
in m-mtramlme, the mtroso- and hydroxylamine phase can 
unite normally to the azo-body 

For the same reason perhaps the exclusive formation of 
0- and p-amidophenol occurs 

/NO /NOH 

C6H4< ^CeHX 
\0H ^0 

/NHOH .NOH 

or CsHZ -^CeHX +H2O. 

\0H ^0 

These quinone derivatives, by further reduction, can pro- 
duce only amidophenols If the qumone formation is prevented 
from takmg place, for mstance by esterif3nng the hydroxyl- 
group, the normal reaction to azoxy-bodies occurs 0- and p- 
Nitroanisol pass smoothly mto azoxy- or azo-derivatives The 
acyhzmg of the amido-group m the case of 0- and p-mtroamines 
hinders hkewise the qumone, and therewith the amine, forma- 
tion The azoxy-body is smoothly formed, thus 


/NO 


t/CsHs 


HOHN\p „ 


^COCeHs CeHsCO^ 

CeHsv ,0, /CeHs 

>N -CeHi-N^^N -C6H4-N< 

CeHsCO/ ^COCeHs+HzO. 

But the alkylization does not prevent the formation of 
quinone and therefore the reduction to the amido-phase: 


4\ 

\NHC6 


NHCeHs 

•NHOH 

NHCeHs 


NCeHs 

>NOH 

NCeHs 


+H2O. 


Elbs sums up m the following manner the rules which apply 
to the electrochemical reduction of aromatic mononitro-bodies 
in alkaline solution. Hereby it must be taken into considera- 
tion that the primarily formed azoxy-body, under the condi- 
tions chosen by Elbs, leads to the azo-body 
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1. Nitrobenzene and its homologues give azo-bodies; 
do not occur, or only in traces. 

2. Halogenized iiitrobenzenes and their homologues yield 
azo-compounds; difficulties occasionally occurring are caused 
by the alkaline cathode fluid attacking the halogen made mobile 
by the nitro-group, or inversely the nitro-group made mobile by 
several halogen atoms. 

3 Nitrobenzene-m-sulphonic acid and its homologues give 
azo-bodies 

4. Nitrobenzenecarboxyhc acids yield azo-compounds, but 
only the o-acids behave differently ’■ 

5. m- and p-Nitroacid-mtriles yield azo-bodies, with or with- 
out a partial saponification, depending upon the conditions of 
the experiment 

6 m-Nitraniline and its homologues give azo-bodies, but 
o-and p-nitranihne and its homologues, on the contrary, give 
diamines. 

The same rule obtains for the secondary and tertiary amines 
derived from the three nitramlmes. 

7 Acylized nitramlmes (acidmtroamides) and their homo- 
logucs give azo-bodies, no matter which position the nitro- 
group occupies in regard to the acylized amido-group. The 
cathode fluid must be kept approximately neutral during 
reduction, otherwise the acid amides are sapomfied if the 
solution becomes considerably alkaline 

8. o- and p-Nitrophenols give amidophenols. 

9. Nitrophenol ethers give azo-bodies, no matter what 
position the nitro-group occupies. 

These rules do not hold true for dinitro-bodies 

The experiences gained in the electrolysis of nitrobenzene 
concerning the influences of the cathode material have also 
obtained in great measure, with the substituted nitrohydro- 
carbons. The general result can be summed up in the state- 
ment that at unattackable cathodes, such as platinum, nickel, 


* L6b, Ztschr f Elektrochemie 2, 532 (1896) 
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and mercury, in aqueous-alkaline solution azoxy-bodies ^ are 
produced, and at attackable cathodes, such as lead or copper, 
azo-, hydrazo-,2 amido-compounds are formed. The 

latter are obtained by the method of C F Bohnnger & Sohne,^ 
using a copper cathode, or an unattackable cathode with 
addition of copper powder. o-Toluidine, m-phenylenediamine 
from m-nitraniline, and n-naphthylamine, in addition to ani- 
line, were prepared in good yields by this method 

In alcoholic solution this difference does not occur so dis- 
tinctly, it is also easy to reduce to the hydrazo-phase at 
unattackable electrodes 

The influence of the cathode metal is much more mani- 
fest when acid electrolytes are employed than in alkahne 
reduction In alkaline solution at copper electrodes, if we 
except the last-mentioned process, the rapidly occurring con- 
densation of the first reduction phases — of the mtroso- and 
hydroxylamme body — always leads immediately to the azoxy- 
body and makes this appear to be the typical product of the 
alkaline reduction, which can m turn be further reduced In 
acid solution this condensation takes place so slowly that 
the molecular rearrangement of the hydroxylamine and its 
further reduction to amine has time to take place alongside 
the formation of the azoxy-body and the reduction of the 
latter to the hydrozo-compound or benzidine ^ 

The increased reactivity of the whole molecule or single 
groups, which is often associated with the entrance of nitro- 
groups, IS also apparent in the capabihty of some nitro-bodies to 
be relatively easily oxidized. The httle that is known is ap- 
pended to the description of the behavior of the individual 
members The characteristic features of the oxidation processes 
in question have been explained in the first chapter (p. 27 
et seq). 


^ Ztschr f Elektrochemie 7, 335 (1900). 

2 D R, P No 121899 and 121900 (1899) 

SD R P No 130742 (1901) 

^ Cf Haussermann, Chem Ztg 17, 209 (1893) 
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IL Homologues of Nitrobenzene. 

Nitrotoluenbs 

o-Mtrotoluene behaves very much like nitrobenzene. It 
gives o-tohdine and a little o-toluidine in sulphuric- or hydro- 
chloric-acid solution (Haussermann ) ^ In concentrated sul- 
phuric acid Gattermann and Abresch^ obtained o-amido-m-crcsol • 

CH3C6H4NH0H-^CH30HC6H3NH2 

Benzylidene-o-tolylhydroxylamine,® corresponding to the 
benzyhdenephenylhydroxylamine, is produced in the presence 
of benzaldehyde. 

According to the experiments of Haussermann,'* Elbs and 
Kopp,® and Lob,® azotoluene is primarily and almost exclusively 
produced in alkaline-alcoholic solution, and, on further reduc- 
tion, hydr azotoluene. The same results can also be obtained 
as sho-wn in the process of the above-mentioned patents for 
the preparation of azo- and hydrazobenzene If electrolyzed in 

alkaline-aqueous suspension, there is formed on the contrary, 
azoxytoluene (piocess of Lob 'which can be converted into 
o-tolidine m a hydi ochloric-acid electrolyte ■with tin cathodes, or 
at an unattackable cathode with additions of stannous chloride 
A solution of o-mtrotoluene in a nuxture of sulphuric and 
acetic acids, if oxidized at a platinum anode, gives a poor yield 
(about 30 per cent ) of o-nitrobenzyl alcohol (Pierron ®) 
m-Nitrotoluene, if electrolyzed in concentrated sulphuric 
acid, passes into m-anudo-o-cresol (Gattermann and Heider ®). 
If benzahlehyde is present, benzyhdene-ni-tolylhydroxylamine 
forms (Gattermann *®). 

‘ Chem Zlg 17, 209 (1893) 

^ Ber d doutsch chem Gesellsoh 27, 1929 (1894) 

2 Ibid 29, 3040 (1896) 

»Chem Ztg 17, 129 (1893) 

' Ztsehr, f Elektrochemie 5, 110 (1896). 

® Ibid 5, 459 (1899) 

’ Ibid 7, 335 (1900) 

* Bull Soc. Chim [3] 26, 8.52 (1901) 

* Ber d. deutsch chem. Gesellsch 27, 1930 (1894). 

‘I* Ibid 29, 3040 (1896). 
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Electrolyzed in alcoholic-alkaline solution, according to 
the directions of Elbs, m-azotoluene is almost quantitatively 
produced; the further current action gives in-hy dr azotoluene 
(Rohde i). 

Lob and Schmitt ^ electrolyzed m-mtrotoluene in alkahne- 
aqueous suspension, employing various cathode metals in 
order to determine their influence The other conditions of 
the experiments were the same m-Azoxytoluene, which is to 
a small extent converted into hydrazotoluene, and m-toluidine 
are produced. The yields vary, depending upon the nature of 
the cathode, the reduction was weakest at nickel cathodes, i e., 
it hardly passed be^mnd the azoxy-phase, at zinc, copper, and 
copper in the presence of copper powder, the 3 aeld of amme 
increases in the given series of the metals, while that of 
azoxytoluene decreases The following table shows these rela- 
tions: Five grams m-nitrotoluene gave 


Electrode 

Yield m Grams of 

Azoxytoluene 

Hydrazo- 

toluene 

Toluidine 

Nickel 

2 47 

0 36 

0 46 

Zinc .... 

2 42 

0 29 

0 56 

Copper 

1 83 

0 24 

1 16 

Copper and copper powder 

1 38 

0 17 

1 68 


Pierron,^ by oxidizing electrolyticaUy m-mtrotoluene under 
the conditions chosen for the o-nitrotoluene, obtained about 
20 per cent m-nitrobenzaldehyde. 

p-Mtrotoluene. — In dilute sulphuric-acid solution, Hausser- 
mann^ obtained p-toluidine as the chief product; Gatter- 
mann and Koppert,^ by reducing in concentrated sulphuric 


‘ Ztschr f Elektrochenue 5, 322 (1899) 

2 Ibid 10, 756 (1904) 

» Bull soc chim [3] 25, 852 (1901) 

*Cbem Ztg 17, 209 (1893) 

®Ber d deutsch chem Gesellsch 26, 1852, 2810 (1893), D R P No 
75261 (1893) 
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acid, found a process varying from the normal reaction, since 
the amidophenol formation cannot occur when the p-position 
is occupied. The reduction leads to nitroamido-o-benzyl 
alcohol, a substance evidently produced by condensation of the 
intei mediately occuriing p-amidobenzyl alcohol with mtrotoluene 
and having the formula 

/CH2\ /CHs 

CsHZ \C6H3< 

On further electrolytic reduction this compound is converted 
into diamidophenyltolylmethane 

If benzaldehyde is added to the sulphuric acid, benzyl- 
idene-p-tolylhydroxylaname is normally produced (Gatter- 
mann 0 

C F. Boehringer & Sohne^ found that, if cathodes of 
tin, copper, lead, iron, chromium, or mercury are chosen, or 
the salts of those metals at unattackable cathodes are added 
to the electrolytes, p-nitrotoluene in a hydrochloiic-acid elec- 
trolyte is smoothly converted into p-toluidine 

Lob® found that, if p-nitrotoluone, in alcoholic-hydro- 
chloric acitl solution or aqueous-hydrochloric acid suspension^ 
is clcctrolytically reduced, preferably at lead cathodes in the 
presence of formaldehyde, there are formed p-dimethyltolui- 
dine and a condensation product of p-toluidine and formalde- 
hyde, According to Goccke,^ this has the composition 

(CH3C6H4NCH2)*, 

and possesses perhaps the constitution of a trimethylenetritol- 
uidine, which, on further reduction, yields p-dimethyltoluidine : 


/Cn2— NC6H4CH3 

CH 3 C 6 H 4 N< >CH2 +2H2 + H2O 

\CH2— NC6H4CH3 
/CH3 

= CH3C6H4N< -I-2CH3C6H4NH2 + CH2O. 

^0113 

* Ber d. deutsoh. chem. Gesellsch 29, 3040 (1896) 
»D R P No. 116942 (1899); 117007 (1900). 

’ Ztsohr f Elektrochemie 4, 428 (1898) 

* Ibid. 9, 470, (1903) 
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The excess of formaldehyde present in the liquid again 
acts on the toluidine, so that a mixture of chmethyltoluidme 
and trimethylenetritoluidme results 

In alcoholic-alkaline solution Elbs/ Elbs and Kopp,^ and 
Lob^ obtained p-azotoluene. If the electrolysis is prema- 
turely interrupted, the electiolyte contains large quantities 
of p-azox}’toluene, on prolonged electrolysis p-hydrazotoluene 
is quantitatively produced, according to the process of Elbs. 

Lob and Schmitt^ investigated the behavior of p-nitro- 
toluene in alkaline-aqueous suspension at diffeient cathodes. 
The result is similar to that obtained in the case of m-nitro- 
toluene, but the azoxy-body was always contaminated vdth 
some azo-compound. Five grams p-nitrotoluene gave the 
following 


Electrode 

Yield m Grams of 

Azotoluene 

+ 

Azoxytoluene 

Hydrazo- | 
toluene 

Toluidine 

Nickel 

2 66 

0 19 

0 67 

Zmc 

2 52 

0 15 

0 88 

Copper 

2 10 

0 11 

1 34 

Copper and copper powder 

1 70 

0 05 

1 89 


If the current yields obtained under similar conditions from 
m- and p-nitrotoluene are compared with one another, it is 
found that the p-compound is more easily reducible than the 
m-body The influence of the position of the methyl group is 
thus shown both in the chemical result and the resistance 
towards reducing agents. 

Elbs,^ by electrolytically oxidizing p-mtrotoluene in a 
mixture of concentrated acetic and sulphuric acids at a large 
platinum anode, obtained p-nitrobenzyl ^Icohol, — current yield 
30 per cent, material yield 40 per cent 


^Chem Ztg 17, 209 (1893), Ztschr f Elektrochemie, 4, 499 (1898) 
^ Ztschr f Elektrochemie 5, 110 (1898). 

3 Ibid 5, 459 (1899) 

*Ibid 10 , 756 (1904). 
s Ibid 2, 522 (1896) 
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If the electrolysis is carried out in 80% sulphuric acid, 
both p-mtrobenzaldehyde and the alcohol are obtained (Lab- 
haidt and ZschocheO- 

C F Bochnnger & Sohne^ add 0 1 part by weight per litre 
of manganese sulphate to the anode electrolyte, — a mixture of 
sulphuric and acetic acids, — and obtain smoothly p-mtrobenzoic 
acid at a lead-peroxide anode 


Nitroxylenes 

Witro-p-xylene, reduced m concentrated sulphuric acid, 
gives the corresponding amidoxylenol (Gattermann and Heider^) • 

/CHs (1) 

p P. ^NH2 (2) 

06Jl2v< (4) 

\OH (5) 

Gattermann,^ by adding benzaldehyde during the reduction, 
obtained the benzylidene-denvative ' 

(CH3)2C6H3N - CHCeHs 
\ 0 / 


p-Nitro-o-xylene was reduced by Elbs and Kopp® in alco- 
holic alkahne solution with addition of sodium acetate They 
obtained good yields of azoxy-, azo- and hydrazoxylene 

p-Nitro-m-xylene, when treated shmlarly gives analogous 
products.® 

Elbs and his pupils ® obtained in the same manner the 
corresponding azoxy-, azo- and hydrazo-bodies from o-mtro- 
benzylanihne, p-nitrobenzylaniline, mtrotolylammo'phenylmeth- 
ane, NH2C6H4CH2-C6H3CIT3N02, and m-mtroleucomala- 
chite green [(CH3)2NC6H4]2CH C6H4NO2; but the last-men- 
tioned substance was not reduced to the azo-phase. 


^ Ztschr f Blektrochemie 8, 93 (1902) 

R r No 117129 (1900) 

® Bcr d dcutwch chem Geselisch 27, 1930 (1894). 
^bid 29, 3040 (1890) 

® Ztschr f Elektrochemie 5, 110 (1898). 
e Ibid 7, 13G (1900) 
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m-Dinitrobenzene, on reduction in concentrated sulphuric 
acid, IS converted into o-p-dianndophenol (Gattermann and 
Abresch 

o-p-Dinitrotoluene (2 4) is analogously reduced to 2 4 5- 
diamidocresol Sachs and Kempf oxidized this substance 
electrolytically in sulphuric acid solution at a lead anode and 
obtained a medium 3 Teld dinitrobenzoic acid 

2 4 6-Trinitrotoluene gives analogously trinitrobenzoic acid 
p-Dinitrostilbene. While carr^nng out some experiments on 
the dye ^^sun yellow/^ which is obtained by warming p-nitro- 
toluenesulphomc acid with sodium hydroxide, Elbs and Kre- 
mann^ -woiked on the electrochenucal reduction of several 
stilbene derivatives % 

The}^ obtained the following results f-vimtrostilhene, re- 
duced in alkaline solution, gives p-azoxystilbene ; in hydro- 
chloric-acid solution with addition of stannous chloride (method 
of C F Boehrmger & Sohne), p-diaminostilbene. 

o-Mtrodiphenyl and p-mtrodiphenyl in alkaline electrolytes 
give the azoxy-derivatives (Elbs), p-niti odiphenyl also gives 
inconsiderable quantities of p-amidodiphenyl, while in alcohohc- 
sulphuric acid at platinum and lead cathodes it is easily reduced 
to p-amidodiphenyl (Fichte and Sulzberger 

2 . 2 -Dimtro(iiphenyl was reduced by Wohlfahrt,^ in accord- 
ance with Elb^s process, and gave a very good yield of phen- 
azone, while in hydrochloric-acid electrolyte with the addi- 
tion of stannous chloride hydrophenazone hydrochloride was 
formed. 

/NOsOsNx /N-N\ 

Cell/- ^C6H4 C6H4^^ ^C6H4 

The method of Wohifahrt has been extended by Ullmann 
and Dieterle ^ to several o-dimtr odiphenyl derivatives The 

^ Ber d deutsch chem Gesellsch 26, 1848 (1893) 

2 Ibid 35, 2712 (1902) 
s Ztschr f Elektrochemie 9, 416 (1903) 

^ Ber d deutsch chem Gesellsch 37, 881 (1904) 

® Journ f prakt Chem [2] 65, 295 (1902) 

® Ber d deutsch chem Gesellsch 37, 23 (1904) 
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corresponding phenazones are formed in alcoholic-alkaline 
electrolytes 

2 2 -Dimtro -4 4-ditolylgivesthe3 8-dimethylphenazone, 


CHgCeHs-N 

1 II 

CHaCeHs-N, 


2 2 -Dinitrobenzidine gives the 3 S-Diaminophenazone, and 
ThnitroMrametliyldiarinnodtphenyl the 3 8-tetramethyldianiino- 
phenazone This substance is also produced in the electric 
reduction of tetramethyldiaminophenazone oxide 


(CH3)2NC6H3-N^ 

(CH3)2NC6H3-N' 


■ 0 . 


Dinitrotetraethyldiaminodiphenyl gives the 3 8-tetraethyl 
diammophenazone, 

Dinitroanisidine, the 3 8-diaminodimethoxyphenazone 


CHsOV I jr I 


III. Halogen Derivatives of Mononitro-bodies. 

These behave quite analogously to the nitro-compounds 
containing no halogens According to the process of Elbs,^ 
if these substances are reduced in alcoholic-alkaline solution, 
there result azoxy-, azo- and hydrazo-bodies The difficulties 
caused by the increased activity of the nitro-group and the 
attackability of the halogen have already been mentioned 
under the discussion of the general laws. The following sub- 
stances have been investigated in this manner : 

o-Chlomitrobenzene (by-products: o-chlor aniline and o-axni- 
dophenol), m-chlomitrobenzene, p-cblomitrobenzene, p-dicblor- 


• Ztschr. f. Elektrochemie 7, 136 (1900). 



THE ELECTROLYSIS OF AROMATIC COMPOUNDS. 175 


(2, 5) nitrobenzene (by-products: p-dichloraniline and chlor- 
anunophenol (ClOHCeHsNHg), o-broninitrobenzene, m-brom- 

5 2 1 

nitrobenzene, p-bromnitrobenzene, m-iodonitrobenzene, p-iodoni- 
trobenzene, o-chlor-m-nitrotoluene (by-products o-chlor-m-to- 
luidine), o-chlor-p-nitrotoluene, p-chlor-o-mtrotoluene, p-cblor- 
m-nitrotoluene (by-products o-chlor-m-toluidine and o-aroino- 
m-cresol). 

Gattermann’s reaction also proceeds smoothly with the 
halogen derivatives, if the para-position to the nitro-group 
is not occupied. 

p-Chlomitrobenzene, on account of the mobihty of its chlo- 
rine atom, is converted in concentrated sulphuric acid into 
p-amidophenol (Noyes and Dorrance^). 

m-Bromnitrobenzene gave a good yield of bromamidophenol 
(Gattermann and Heider^). 

p-Brom-o-nitrotoluene gives the bromamidocresol. 


/CHa 

p TT // NH2 
OeJlasx gj. 


^OH 


( 1 ) 

( 2 ) 

(4) ’ 

(5) 


p-Brom-m-nitrotoluene yields analogously the bromamido- 
cresol. 


/CHa 

p „ ANH2 

CeHsN^Br 


^OH 


( 1 ) 

(3) 

(4) 
( 6 ) 


IV. Nitrophenols. 

o-Nitrophenol, reduced electrolytically, gives a good yield 
of o-amidophenol both in alkaline-aqueous solution at plati- 
num cathodes (Lob®) and m alcoholic potassium-hydroxide 
solution at lead or mercury cathodes (Mbs ^). 

o-Nitroamsol, electrolyzed under the same conditions as 

1 Ber d deutsch chem Gesellsch 28, 2349 (1895) 

2 Ibid 27,1931 (1894) 

3 Ztschr f Elektrochemie 2, 533 (1896) 

^ Journ f prakt Chemie 43, 39 (1891) 
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mentioned under o-mtrophenol, gives o-azoxyamsol, o-azoamsol, 
and o-liydrazoanisol (Haussermann/ Elbs and Rohde 2). It 
differs, therefore, from the above compound in this respect. 
o-Nitrophenetol behaves similarly 

m-Nitrophenol, on being reduced, does not afford an oppor- 
tunity for the quinone formation, and gives, hence, in alka- 
line solution m-azophenol. In alcoholic-sulphuiie acid solu- 
tion and at a lead cathode it is reduced to m-amidophenolsul- 
phonic acid (Klappert ®). 

p-Nitrophenol behaves like the ortho-compound. According 
to Elbs,^ a good yield of p-aimdophenol is produced in alkahne 
solution Its ethers p-mtroamsol and p-mtrophenetol behave 
normally; they give chiefly the azoxjf-denvatives, also some 
p-anisidine and phenetidine respectively. 

Intermediate phases of the reduction can be separated in 
the case of 0- and p-nitrophenol, if a concentrated solution of 
aniline hydrochloride is used as electrolyte (Lob ®). Compli- 
cated condensation products are obtained It seems that the 
nitrosophenols primarily formed react in the form of quinone- 
oximes with aniline 

p-Nitrophonol thus gives as principal product dianilido- 
quinoneanil, a substance which is also produced in the reduc- 
tion of o-nitrophenol, besides a blue induline-hke dyestuff. 
The mechanism of this reaction has not yet been explained 
o-p-Dinitrophenol, on reduction in alcoholic-alkaline solution, 
gives a mixture of amidonitrophenol and cliamidophenol (Elbs ®) 
A soluble red intermediate product is formed during the reaction. 

Trinitrophenol (Picric acid) was reduced by Elbs ® in sul- 
phuric-acid solution to picramic acid and diamidonitrophenol 


> Ghem Ztg. 17, 209 (1893) 

* Ztschr f. Elektrochemie 7, 146 (1900) 
' Ibul 8, 791 (1902). 

* Ibid 7, 146 (1900). 

' Ibid 6, 441 (1900) 

* Journ f prakt Chem [2] 43, 39 (1891) 
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Nitrophenyl Ethers 

Several representatives of this class of compounds were 
investigated as to their behavior in alkahne reduction (Haus- 
sermann and Schmidt These investigators confirmed the 
rules which Elb estabhshed for mtrophenyl ethers 

o~Mtrophenyl ether, p-Mtrophenyl ether are smoothly 
converted into azoxyphenyl ethers 

p-Mtrophenyl«-p-tolyl ether gives similarly the p-azoxy- 
phen3d-p-tolyl ether 

Hydroxyqumone-p-nitrodiphenyl ether }aelds p-azoxydiphenyl 
ether 

p-Aminophenyl-p-tolyl ether is smoothly formed from p- 
nitrophenyl-p-tolyl ether in hydrochlonc-acid suspension with a 
tin cathode 


V. Nitrarulines. 

o-Nitraniline, when electrolyzed in alkahne solution (Elbs 
and Rohde yields smoothly o-phenylenediamine, while the 
intermediately recurring nitroso- or hydroxylaimne-phaseS; 
similar to those in the p-series, readily rearrange themselves 
into qmnone derivatives. 

m-Mtraniline behaves differently. This substance, by elec- 
trolysis m an alkahne electrolyte, gives a good ^aeld of m-diam- 
inoazobenzene (Elbs and Kopp,^ and Lob^), also a httle azoxy- 
compound and traces of m-phenylenediamine The reduction 
can also be carried out to the hydrazo-phase m-Nitramhne 
gives o-p-diamidophenol in sulphuric-acid solution (Gattermann) 
Rohde ® has investigated the influence of methyl groups in 
the amido-groups in alkaline reduction. 

m-Nitrodimethylamhne gives tetramethyl-m-diamidoazo- 
benzene, or the hy dr azo-body Voight reduced it m con- 

^ Ber d deutsch chem Gesellsch 34, 3769 (1901) 

^ Ztschr f Elektrochemie 7, 144, 340 (1900) 
nbid 5, no (1898) 

^ Ibid 439 (1899) 

® Ber d deutsch chem Gesellsch 26, 1849 (1893) 

® Ztschr f Elektrochemie 7, 328, 338 (1900) 

Ztschr f angew, Chemie 107 (1894) 
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centrated sulphuric acid, and thus converted it into 13 4- 
dimethyl dianudophenol 

m-NitrosodimethyJanihne can be converted by Gatter- 
mann^s process into in-p-dimethyldiamidophenol (Abiesch 
m-N%tromethylan%hne behaves like m-nitrodimethylamlme. 
It IS converted in alkaline electrolytes into dimethyl-m-diamido- 
azobenzene, or -hydi azobenzene 

p-Mtraniline, by reduction in concentrated sulphuric acid, 
cannot yield an amidophenol because the p-position is occupied 
Noyes and Dorrance^ reduced it to p-diamidobenzene p- 
Phenylenediamine is produced in alkaline solution, as might be 
expected (Elbs) 

The behavior of p-Armnoazobenzene may incidentally be 
mentioned here This substance by electrolysis in acid solution 
with a tin cathode, or addition of stannous chloride, is smoothly 
converted into p-phenylenediamine,^ in the same manner as 
p-nitramhne 

p-Nitroacetamlide — Sonneborn ^ observed the occurrence 
of diacetyl-p-dianudoazoxybenzene when this substance was 
reduced in alkaline solution. This agrees with the fact that the 
quinone formation from the reduction phases of p-nitroacet- 
anilide is rendered difficult by the acetyl group If on the 
contrary, the electrolyte is kept acid with acetic acid, the acetyl 
derivative of p-phenylenediamine and some phenylenediamine 
acetate are here also obtained. 

p-Nitrodimethylanilinej in alcoholic-alkaline solution and at 
ordinary temperature, can be smoothly reduced to p-amido- 
dimethylaniline (Ronde ^) ; at a higner temperature a splitting 
up into dimethylamine and p-amidophenol occurs 

/NH2 /NH2 ' 

CgHZ +H20-06H4< +NH(CH3)2 

\N(CH3)2 ^ ^OH 

^ Ber d, deutsch chem Gesellsch. 27, 1932 (1894) 

2 Ibid. 28, 2349 (1895) 

8D E P. No 121835 (1900); See also 117007 (1900) 

♦ Ztsohr f. Elektrochemie 6, 509 (1900). 

H. c. 
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'p-Nitrodtethylaniline, by electrolytieal reduction in concen- 
trated sulphuric acid, is converted into the important inter- 
mediate product of dyestuff manufacture, p-amido-m-oxy- 
diethylanihne. 

/NHa 

CeH^^OH 

\N(C2H5)2. 


p-Nitrosodtethylamline ^ gives the same compound 


N ITROTOLUIDINES 

The nitrotoluidines when reduced electrolytically in acid 
and alkaline solution behave hke the mtramhnes. The position 
of the methyl group must, of course, be borne in mind 

p-Nitro-o-toluidine is converted by Gattermann^s process ^ 
into diamidocresol * 


/CHs (1) 
CeHs^NHs (2)+H2 
\N02 (4) 


/CHs 
p ^ NHs 

C6H2^^H2 

^OH 


( 1 ) 

(2) 

(4) 

(5) . 


In this case the hydroxyl group occupies the o-position 
in respect to the original nitro-group 

In alkahne reduction p-toluylenediamine is produced (Elbs) ® 
o-Nitro-p-toluidine in sulphuric acid solution gives the 
same diamidocresol as p-mtro~o-toluidine, the hydroxyl group 
occupying the para-position to the original nitro-group 

The electrical reduction in an alkaline electrolyte leads 
to a good yield of o-toluylenedianune. If the reduction is 
carried out in alkaline solution, m-mtro-p4olmdine and m-mtro- 
o-tolmdine^ as might be supposed, are converted into azoxy-, 
azo- and hydrazo-compounds 

m-Mtrodimethyl-p-toluidine gives dimethylbenzimidazole 
(Pinnow^) . 


1 D R P No 81625 (1894) 

2 Ber d. deutsch chem Gesellsch 2^, 1850 (1893) 

^ Ztschr f Elektrochemie 7, 145 (1900) 

* Journ f prakt Chemie 63, 352 (1901), 65, 579 (1902) 
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CH3 
— N 

\ II 

N-CH 

CH3 


and dimethyltoluylenediamine The reaction is carried out 
in Lob’s short-circuit cell (p 50). An addition of graphite 
powder accelerates the reaction, which probably is mainly 
caused by the intermediately occurring nitroso-compound split- 
ting off water, and thus yielding the dimethylbenzimidazole, 


/ADH3 

CeHs^NO — H2O 

\N(CH3)2 


CH3 

■ CeHs^ — N 

\ II 

N-CH 

CH3 


m-Nitrodimethyl-o-toluidine. — This substance, reduced in 
alkaline electrolytes, gives tetramethyl-m-diamido-p-azotoluene 


/CH3 CH3\ 

C6H3f-N(CH3)2(CH3)2N^C3H3 
\N=— ==N/ 


andtetramethyl-m-diamido-p-hydrazotoluene. 


VI. Nitro-denvatives of Biphenylamine and Amidotriphenylmethane. 

p-Nitrodiphenylamine, by reduction in alcoholic-alkahne solu- 
tion according to Elbs’ method, gives a good yield of p-anudo- 
diphenylamine (Rohde , the primary production of quinone 
probably prevents the formation of the azoxy-compound : 


C8H4<:^' 


.NO2 /NIIOH 

•NH— CeHs \NH— C6H4 

/NH2 
-^C6H4< 

^NHCeHs 


■Celh^ 


■NH 

NCeHs 


Benzoyl-p-nitrodiphenylamine cannot yield a quinonedi- 


^ Ztschr f Elektrochemie 7, 329 (1900) 
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ijnido-derivative Benzoyl-p-azoxydiphenylamine as well as 
the azo-compound are hence produced if a -saponification of 
the benzoyl group by the free alkali is prevented by neutraliz- 
ing with acetic acid; or if ammonium acetate is employed in 
place of the sodium acetate in the cathode flmd 

p-Mtrodiamidotriphenylmethane, on electrolytic reduction 
in concentrated sulphuric acid by a method of the Gesellschaft 
fur Chem Industrie in Basel ^ can be converted into p-rosan- 
ihne The method is of general apphcability carbmoles 
NH2 — C6H4 — C(0H)R2 result in the reduction of mtro-leuco- 
bodies of the type NO2— C6H4 — OHR2 (In these formulae R 

(4) (1) 

denotes aromatic radicals with primary, secondary, or tertiary 
amido-groups, or with hydroxyl-groups ) 

Thus IS formed p-mtro-bitter-almond-oil-green from p-m/ro- 
tetramethyldiamidotnphenylmethane 

Besides the mentioned products serving as the starting-pomt, 
there were also used p-rntrodiamido-o-ditolyl-methane, p-mtrotetra-- 
ethyldiarntdoinphenyl-methanej and other analogous compounds. 

VII. Nitroaldehydes and Ritroketones. 

Nitrobenzaldehyde. — Kaufmann and Hof^ subjected m- 
mtrohenzaldehyde to reduction in alkaline-alcoholic solution and 
thus obtained m-azobenzoic acid as the principal product and 
m-azobenzyl alcohol as a secondary product Since the yield 
of the latter is extremely small when compared with that of the 
formei , the authors assumed that there occurred a further de- 
structive action of the alkali on the primarily formed nitrobenzyl 
alcohol m such a way that 8 molecules of the alcohol give 1 
molecule azoxybenzyl alcohol and 3 molecules azoxybenzoic 
acid These substances are then converted by the further 
action of the current into the corresponding azo-compound, 
thus increasing considerably the quantity ratio of the primarily 
formed acid in comparison with the alcohol (see p 188). By 
pursuing this reaction further Lob^ was led to a synthesis of 
mixed azo-compounds; these will be mentioned later. If 

1 D R P No 84607 (1894) ^ Chem Ztg 20, 242 (1896) 

® 2tschr f Elektrochemie 5, 456 (1899) 
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mtroaldehydes are reduced in sulphuric-acid solution, either 
the free aldehydephenylhydroxylanaines, or their condensation 
products with unchanged nitroaldehyde, i e., nitrobenzyhdene- 
aldehyde-phenylhydroxylanuncs, are formed, m- and f-Nitro- 
henzaldehyde were investigated The formation of these bodies 
is expressed by the following equations 


/CHO /CHO 

I CeHZ +2H2=C6H4< +H2O, 

\N02 ^NHOH 

/CHO 

II. CsHZ +0HCC6H4N02=H20 

\nhoh 


/CHO 

+ C6H4< /0\ 

\N CHC6H4NO2 


On further reduction the process can again repeat itself, so 
that similar higher molecular compounds are formed The nitro- 
benzyhdenealdehydophenjdhydroxylamincs are produced from 
the two mentioned aldehydes If the p-mtrobenzaldehyde 
is reduced beyond the compound mentioned in the equation, 
the n-p-formylphenyl ether of p-azoxybenzaldoxime is formed 
(Always ^), as shown in the following equations: 


/NO2 /NO2 

I. 2C6H4< -b4H=C6H4< 

\CHO \CH - NC 6 H 4 CHO, 

\0/ 

/NO2 

II. 2C6H4< 

\CH — NC6H4CHO+6H 
\ 0 / 

/^\ 

/CH — NCeHiCHO 

C6H4< 

\n^ 


.N- 


0 


+3H2O. 


CellZ /0\ 


CH— NC6H4CHO 


^ Ber d deutsch. chem Gesellsch. 20, 3037 (1896) , 36, 23 (1903) , Ztschr 
f Blektrocheraie 3, 373 (1897) 
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In the reduction of aromatic nitroketones in concentrated 
sulphuric acid the noimal reaction, ie, the formation of p- 
amidophenol derivatives, occurs (Gattermann i) 

m-Nitroacetophenone gives amidooxyacetophenone 
m-Mtrobenzophenone and m-nitrophenyl-p-tolylketone give 
analogous bodies 

In alkaline-alcoholic solution Elbs and Wogrinz^ obtained 
m-azoxy- and m-azoacetophenone from m-nitroacetophenone 
The reduction to the hydrazophase was only partial^ successful 
By using a copper cathode vith addition of copper sulphate, 
in place of the previously employed nickel gauze cathode, a 
good yield of m-aminoacetophenone is obtained in sulphuric- 
acid solution, in alkahne solution a poor yield results 

m-Nitrobenzophenone, on electrolysis in alkahne solution at 
ordinary temperature, gives an almost quantitative yield of 
ni-azox3'benzophenone; when reduced at the boihng tempera- 
ture, a good yield of m-azobenzophenone is obtained, while 
in sulphuric-acid solution m-aminobenzophenone readily results. 
In the above processes the carbonyl group apparently does not 
participate in the reduction of the nitroketones 


Vni. Nitrobenzenecarboxylic Acids. 

Hitrobenzoic Acids. — The m- and p-acids, by reduction in 
alkaline solution, are smoothly and almost quantitatively 
converted into the corresponding azo-acids, while the o-acid, 
according to Lob's ^ researches, under similar conditions yields 
o-azoxy- and o-hydrazobenzoic acid and complex blue decom- 
position products. This deportment is of particular interest 
because the o-acid also occupies an exclusive position in the 
chemical reduction, and similar experiences seem to repeat 
themselves with the nitrobenzenesulphomc acids (Gattermann 
In dilute sulphuric acid Hostmann ® converted o-nitro- 


^ Ber d deutsch chem Gesellsch 29, 3034 (1896) 
* Ztschr f Elektrochemie 9, 428 (1903). 

‘ Ibid 2, 532 (1896) 

‘ Ibid 10, 581 (1904) 

' Chem Ztg 17, 1099 (1893) 
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benzoic acid into o-azo-, hydrazobenzoic acid and anthrarulic 
acid. 

In concentrated sulphuric acid oyxanthranilic acid, 

/COOH (Ij 

CeHa^NHa (2), 

\OH (5) 

is produced by the method of Gattermann,i from the ortho- 
acid, 1 3 6-amidosalicyhc acid is formed from the meta-acid 
p-Nitrobenzoic acid, according to Clement and Noyes, ^ 
gives the p-amidophenolsulphonic acid when electrolyzed in 
very concentrated sulphmTc acid. 

The 0 - and vi-mtrobenzoic esters, on electrolysis, deport 
themselves like the free acids (Gattermann) The latter inves- 
tigator ,3 by preparing the benzyhdene compound by the usual 
method, pioved the intermechate formation of the hydroxyl- 
amine phase in the reduction of the m-acid 

The experiments of Schall and Klein ^ concerning the forma- 
tion of nitrobenzene fi om o-nitrobenzoic acid are quite interest- 
ing If a solution of soda in molten o-nitrobenzoic acid (carbonic 
acid escapes during the solution process, so that a solution 
of the sodium salt in the acid itself is obtained) is electrolyzed 
at 200° and at platinum electrodes, relatively large quantities 
of nitrobenzene are produced, at the same time a gas is evolved 
at the anotle (CO 2 ’). During an electrolysis lasting one to 
two hours, with 0 8 to 1 amp , about 1 cc was obtained The 
experiments were made with the expectation of finding a 
reaction among the aromatic acids similar to Kolbe’s. Although 
in the case of the aliphatic acids a limit hydrocarbon is formed 
by the union of two anions with splitting off of carbonic 
acid, for instance, 

2CH3C00 = C2H6+2C02, 


' Ber d deutsch. chem Gesellsoh. 26, 1850 (1893); 27, 1932 (1894). 

* Am Chem. Joum. 16, 511 (1894) 

’ Ber d deutsch. chem Gesellsch 29, 3040 (1896) 

* Ztschr f Elektroehemie 5, 256 (1898) 
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an analogously formed product, o-dimtrodiphenyl, 


2NO2C6H4COO = NO2C6H4 - C6H4NO2 + 2CO2, 

could not be obtained from o-nitrobenzoic acid 

The following mtrobenzene carboxylic acids (or their estersl 
on reduction in concentrated sulphuric acid, react in a normal 
manner 

m-ITitro-p-toluic Acid.^ — Amidocresotinic acid is formed: 


CeHs 


,COOH ( 1 ) 
/nH 2 (3) 
\CH 3 (4)- 
^OH (6) 


The methyl and ethyl esters behave analogously. 

Nitrocumic Methyl and Ethyl Esters give the correspondmg’ 
amidophenol esters: 


/COOR ( 1 ) 

C6H3^N02 (3) + H 2 -^C 6 H 2 

\C 3 H 7 (4) 


COOR ( 1 ) 
^NH 2 (3) 
V 3 H 7 (4)' 
^OH (6) 


Nitrocinnamic Acids* 

Orthonitrocinnamic Acid. — This substance, by reduction in 
concentrated sulphuric acid, is converted into the sulphate 
of amidooxycinnamic acid which, on being heated in hydrochloiic 
acid, is in turn converted into oxycarbostyril. The methyl 
ester, ^ under like conditions, behaves similaily 

m-Mtrocmnamic Acid. — This acid, treated analogously, 
gives amidocoumarin, which is produced from the m-amido- 
oxycinnamic acid by a splitting off of water • 

/CH=CHCOOH 

NH2C6H4< — H20-^NH2C6H4< i 

\OH \ Q /CO. 

^Ber d deutsch chem Gesellsch 26, 1851 (1893), 27, 1935 (1894) 
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The ethyl ester leads to the same coumarin — either by 
saponification of the nitro-ester before the reduction, or bv 
the splitting off of alcohol from the intermediately formed 
amidooxycinnamic ester 

Nitrophthalic Acids 

a-Mtrophthalic Acid was converted by Elbs’ ^ method into 
azos and and hydrazophthalic acid, traces of a-ammophthahc 
acid were also produced 

j3-Nitrophthalic Add behaves similarly 
Nitroisophthalic Acid. — This substance, by electrolytic re- 
duction in concentrated sulphuric acid, according to Gatter- 
mann,2 is converted into the sulphate of oxj'-anaidoisophthalic 
acid. Nitroterephthalic acid gives an amidooxyterephthahc acid. 

Nitrobenzonitriles 

m-Nitrobenzonitrile can be converted by Elbs’ 3 method, 
depending upon the conditions of the experiment, either without 
saponification into m-azobenzomtrile, or wuth saponification into 
m-azoxybonzamide and m-azobenzamidc. 

p-Nitrobenzonitrile gives analogously azo- and azoxymtrile 
or azo- and azoxybcnzamide. 

IX. Nxtrobenzenesulphonic Acids. 

Those sulphomc acids which have the SOsH-group in the 
m-position to the nitro-group, have been particularly inves- 
tigated. Under the conditions chosen by Elbs,^ they yield 
universally azo- and hydrazo-bodies. Thus mirobenzene-m- 
sulphomc acid, o-nitrotolueyie-j}-sulphomc acid, p-nitrotoluene-o- 
sulphoaic acid are converted into the corresponding azo- or 
hydrazo-compounds 

p-Nitrobenzenesulphonic Acid also behaves normally on 
electrolytic reduction in slightly alkaline solution at fiickel 
cathodes (Elbs and Wohlfahrt®); it yields azo-, or hydrazo- 

^ Ztschr f. Elektrochemie 7, 143 (1900) 

® Ber. d deutsch. chem Gesellsch 26, 1852 (1893) 

* Ztsclir f Elektrochemie 7, 143 (1900), 

‘Ibid 7, 142 (1900) 

« Ibid, 8, 789 (1902^ 
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acid In the case of the o-nitro-acid, on the contrary^ the 
reduction is far from normal, complicated products and o- 
aminosulphomc acid are chiefly produced 

p-Nitrotoluenesulphomc Acid. — The GeseUsehaft f Chem 
Industrie of Basel ^ prepares orange d 3 ’^es by using as cathode 
fluid an alkaline solution of the yellow condensation products 

of 'p-mtrotoluenesulphomc acid, 

\ 

/NO2 

CH 3 CeHsC; 

\sO3H 

(e.g. a mixture of azoxystilbenedisulphomc acid, azostilbene- 
chsulphomc acid, and dimtrostilbenedisulphomc acid) The 
reduction, however, must not be continued until amido-com- 
pounds result 

Elbs and Kremann^ have hkeivise investigated the electro- 
chemical behavior of the d^^e ^'sun j^ellow” formed in alkaline 
solution of the p-mtrotoluenesulphonic acid, and found the 
following* 

1. ‘^Sun yellow^’ consists chiefly of p-azoxystilbenedisul- 
phonic acid 

2 Reduced in alkaline solution it yield . as end product, 
p-azotoluenedisulphomc acid. 

3 In acid solution with addition of stannous chloride there 
are formed p-diaminostilbenedisulphomc acid and p-tolui- 
dinesulphonic acid 

The following may be remarked concerning the reduction in 
acid solution According to Haussermann,^ metamlic acid ia 
smoothly obtained from m-mtrobenzenesulphomc acid m dilute 
sulphuric acid, in concentrated acid 3 4-amidophenolsulphomc 
acid results (Gattermann 

o-Mtrotoluene-p-sulphonic Acid gives similarly 2 4 • fl-amino- 
cresolsulphonic acid 

' Eng. Pat No 22482 (1895). 

2 Ztschr f Elektrochemie 9, 416 (1903), 

3 Chem Ztg 17,209 (1893) 

^Ber d deutsch chem Gesellsch 27, 1938 (1894). 
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p-Dinitrostilbenedisulphonic Acid (according to Elbs and 
Kremann^), like p-azostilbenesulphomc acid, yields in alkaline 
solution p-azotoluenedisulphomc acid, while in acid solution 
with the addition of stannous chloride the end-product is p- 
diaminodibenzyldisulphonic acid 

p-Dinitrodibenzyldisulphonic Acid yields in alkaline solution 
p-azodibenzyldisulphonic acid, in acid solution, in the presence 
of stannous chloiide, p-diammodibenzyldisuJphonic acid 

X. other Reductions of Nitro-compounds 

Lob ^ has utilized the possibility of conducting the reduction 
in alkaline solution up to the azo-phase for accomphshing a 
direct clecti osynthesis of mixed azo-bodies and azo-dyes 

The components of the desired compounds are reduced in 
equimolecular proportions under conditions which make possible 
the union of the two radicals during the azo-phase By means 
of this method azo-compounds in which the substitutents are 
in any desirable position to the azo-bond, and which are not 
obtainable by the Griess method, can be prepared 

Thus m-mtrobenzaldehyde, which in alkaline solution 
gives equal molecules of m-nitrobenzoic acid and m-nitrobenzyl 
alcohol, yields as chief product m-m-azobenzoic-acid-benzyl- 
alcohol, 

m-C00HC6H4N = NC 6 H 4 CH 2 OH, 

and as secondary products m-azobenzoic acid and m-azobenzyl 
alcohol 

Kaufmann and Hof® (p. 181) had subjected m-nitrobenz- 
aldehyde to reduction in alkaline solution, but they did not 
observe the occurrence of the mixed azo-compound; they found 
only the azo-alcohol anti the azo-acid, and explained the poor 
yield of the former by the behavior of the m-nitrobenzyl alcohol 
towards alkalies, as shown in the equation: 


*1 c. 

’ Ber d. deutsch chem Gesellach 31, 2201 (1898), Ztschr. f Elektrochemie 
16, 456 (1899). 

« Chem Ztg. 20, 242 (1896) 
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/NO2 

8 C6II4X — > 3 

\CH2OH 




7N 


CshZ vO/ ;>c6H4 
^COOHHOOC/ 


.N< 


/ . 

+ C6H4<' \0 

\CH20H HOH2 0/ 


•\ ■ 

>C6H4 + 6H20. 


Of the other bodies prepared Lob according to the 
principle mentioned, the following may be noted 
Azo-p-toluene~m-benzoic acid, 


P-CH3C6H4N = NC6H4C00H-m, 


IS prepared from p-mtrotoliiene and m-mtrohenzoic aad, 
m-m-Sulphoazob^nzoic acid, 

m-S03HC6H4N - NC6H4COOH-m, 

is obtained from mtrdbenzenesulphomc acid and nitrobenzoic 
acid in a pure state and in the form of the acid potassium salt 
The latter, which can be crystallized from alcohol, can be 
obtained by neutralizing the electrolyte with hydrochloric 
acid and concentrating the solution.^ 

o-Methylazobenzene is formed from o~nitrotoluene and nitro- 
benzene as a red oil boiling at 185^-188® at 28 m m. pressure. 

The mixed azo-compoimds are always formed in company 
with the azo-derivatives of the components, so that their 
yields are often not very favorable. 


Elbs and Keiper^ have foimd that o-nitroazo-compounds 
are smoothly converted into phentriazoles by electrochemical 
reduction in slightly alkaline solution. 



^ Journ f prakt Chemie 67, 580 (1903) 
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There result from 

o-Nitrobenzeneazophenol, phenolphentriazole, from 
o-Nitrobenzeneazosalicylic acid, salicyhc-acid-phentriazole, 


N = NC6H3<^ 


OH 

COOH- 


NO2 



■Ns 


.OH 


NC6H3< 

^COOH; 


and from 

o-Nitrobenzeneazo-a-naphthol, a-naphtholphentnazole : 



XL Nitro-Derivatives of the Naphthalene,* Anthracene, and 
Phenanthrene Series. 

Since only the nitro-group is subject to reduction by the 
cathodic action of the cuiTent on nitro-compounds, nothing 
new can here be added regarding the possible reduction phases. 
The conditions which with the benzene derivatives lead to 
certain stages, cannot always be directly applied to these sub- 
stances; this is due to the influence which the whole molecule 
possesses over the reaction velocity of the separate processes. 
This deportment is especially shown by the nitro-derivatives of 
the anthracene series. Nevertheless, some of the more general 
conditions also obtain heic; for instance, nitronaphthalene 
derivatives in acid electrolytes at attackable cathode's, accord- 
ing to the process of Boehringer & Sohne,^ are also easily 
reduced to amines. Qattermann’s method has also been ser- 
viceable in the preparation of amidonaphthols. 

a-Nitronaphthaleiie,2 in aqueous acetone solution was re- 
duced by Voigt to nitrosostyrol besides a little naphthylamine. 
The latter is quantitatively obtained if a-nitronaphthalene is 

»D. R P No, 116942 (1899); 117007 (1900) 

? Ztsohr f aagew. Chemie (1894) 108 
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reduced in a hydrochloric-acid electrolyte with an attackable 
cathode^ or with addition of salts of the latterd 

ai-Nitronaphthalene-^s-sulphonic acid was converted 
Voigt 2 into hydrazonaphthalenesulphonic acid and some 
naphthylamine. Gattermann^ obtained by his method the 
aminonaphtholsulphomc acid m a normal manner. Analogously 
behave 

ai-Nitronaphthalene-i^s- and /94-sulphonic acids and the di- 

sulphonic acids (/?2, /^s, and ^2/^4) of a-NitronaphthaleneA 

(aia4)Dinitronaphthalene (according to a patent of the 
Badische Amhn- u Sodafabnk) alone, or mixed with (o:ia'2) 
dimtronaphthalenej gives in concentrated sulphuric-acid solu- 
tion a product which, by heating with dilute acids, can readily 
be converted into naphthazann ^ 

aiaz- and aia4r Bmitronaphthalene, if reduced according 
to Tafel, in a mixture of acetic and sulphuric acid with prepared 
lead cathodes, gives the 1 5- and 1 • 8-naphthylenediamines 
(MoUer ^). 

/NO2 

a-Nitro-/?-naphthyl ethyl ether, CioHe^ . — This naph- 

\OC2H5 

thol ether, unhke the nitrophenol ethers, gives a-aimdo-/J-naph- 
thyl ethyl ether as end-product of the alkahne reduction 
(Rhode 7) 

o-Mtroanthraquinone has been reduced by MoUer ® in 
alcohohc-sulphuric acid and in shghtly alkaline solution to 0- 
amidoanthraquinone By electrical oxidation in concentrated 
sulphuric acid there is formed, accorchng to Weizmann,® nitro- 
oxyanthraqumone; with alternating currents ahzarinamide was 
produced, and in the presence of glycerin, mannit, etc , blue and 

'D R P No 116942 (1899), 117007 (1900) 

^ Ztschr f angew Chemie 1894, 10^ 

® Ber d deutsch chem Gesellsch 26, 1852 (1893) 

*D R P No 81621 (1893) 

5D R P No 79406 (1894) 

® Elektrochem Ztschr 10, 199, 222 (1903-1904) 

’ Ztschr f Elektrochemie 7, 340 (1900) 

8Ibid,741, 797 (1901) 

® Pr P No 265292 (1897) 
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green reduction products resulted The action of the cathodic 
current on 

1 2 -Dmitroanthraqumone and i s-Dinitroanthraquinone in 

a solution of glacial acetic acid with addition of sulphuric acid 
produces dianiidoanthraquinones ; ^ the jield, however, is poor. 
The employment of lead cathodes, as shown by Tafel, may 
perhaps ineicase the latter. 

Accoiding to expel iments of the Badische Anilin- u Soda- 
fabrik,2 a diniti oanthi aquinone dissolved in fuming sulphuric 
acid is changed by electrolytic reduction to blue mordant dyes. 

Dinitroanthrarufindisulphonic Acid and Dinitrochrysazindi- 
sulphonic Acid. — These substances are easily reduced electrol 3 rti- 
cally in sulphuric-acid solution to diamidoanthrarufindisul- 
phonic acid and diamidochrysazindisulphonic acid ® 

9 -Nitrophenanthrene has been com^erted by Schmidt and 
Strobel ^ into 9-azoxyphenanthrene by Elbs’ process 

2 -Nitrophenanthrenequmone in acid solution at lead cathodes 
gives 2-anunophenanthrenequinone (Moller) 

2 7 -Dinitrophenanthrenequinone is converted in acid solution 
into 2 7-dianudophcnanthreneqmnone (Moller). 

XII. Mtroso- and Nitro-Derivatives of the Pyridine and Quinoline 

Ser es. 

Nitrosopiperidine, on electrolytic reduction in sulphuric- 
acid solution (Ahrens ®) , gives piperylhydrazine, piperidine, and 
ammonia; at the anode there are formed at the same time a 
diamini', CioHigNs, of the fatty acid series, and two isomeric 
amidovaleric acids, bi'sides hydrochloric acid and piperidine. 
Under similar comlitions 

Mtroso-r-pipecoline gives a-methylpiperylhydrazine, a- 
pipecoline and ammonia at the cathode, and at the anode a 

> Elektroohem Ztschr 10 , 109, 222 (1903-1904) 

» D R P. No 92800, 92998 (1896) 

» D R P. No 105501 (1898) 

‘ Ber d deutsoh. chem Gesellsch 86, 2512 (1903) 

‘ Ztschr f Elektroohemie 2, 578 (1896) ; Ber d deutsch Gesellsch 
80, 533 (1897), 31, 2272 (1898) 



THE ELECTROLYSIS OF AROMATIC COMPOUNDS 193 


diamine and an amidocaproic acid. In the same maimer the 
other nitroso-derivatives of homologous piperidines on elec- 
trical reduction give corresponding piperylhydrazines 

Ahrens and Sollmann ^ similarly prepared from 

Mtroso-9-pipecoline the /9-pipecohdhydrazine , from 

Mtroso-T'-pipecoline the 7 "-pipecolylhydrazine , from 

Mtroso-a-a'-lupetidine the a-a'-dimethylpiperylhydrazine , 
from 

Nitrosoaldehydecopelhdine the aldehydecopellidinehydra- 
zine; and from 

Nitroso-s-trimethylpipendine the s-trimethylpiperylhydra- 
zine 

NitrosotetrahydroquinoUne. — Concerning tJie experiments 
of Alirens and Wider a ^ on the oxidation of nitroso-derivatives 
of pyridine and qiunohne there is yet to be mentioned the 
smooth conversion of nitrosotetrahydroqmnoline into tetrahy- 
droqmnohne The nitroso-group is found as mtric acid in 
the anode fluid 

4 -Mtroquinoline and i-o-Nitroquinoline, reduced in con- 
centrated sulphuric acid; give 1 4-oxyainidoquinohne and 
1 4-amidooxyqmnoline (Gattermann 3). 

4 -Nitro- 3 -toluquiiioline gives likewise a 4r-amido-l-oxy- 
3-toluquinoline 



3 Amino-Derivatives. 

Aniline. — Rotondi ^ electrolyzed amline in an ammoniacal 
solution After a period of three days, during which hydrogen 
was continually evolved at the negative pole and a tarry sub- 

' Chem Ztschr 2 , 414 (1903) 

2 Ber d deutsch chem Gesellsch 31, 2276 (1898) 

’ Ibid 27, 1939 (1894) 

* Jahresh f Chemie, 1884, 270 
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stance was deposited at the positive pole, Rotondi interrupted 
the electrolysis and was able, with more or less certainty, to 
establish the following processes 

1 The formation of diazo-compounds • 

C 6 H 5 NH 2 (HN 03 ) +HN02 = C 6 H 5 N 2 N 03 + 2 H 2 O. 

2 The foimation of diazoarmdo-coinpounds 


2C6H5NH2 + HNO2 = CelisNsNHCeHs + 2H2O 
C6H5N2NO3 + CeHsNHa = C6H5N2NH CqHs + HNO3 

3. The formation of azo-compounds by direct oxidation of 
aniline : 

2C6H5NH2 + 20 = 2H2O + CsHsNsCeHs 

4. The formation of amidoazo-compounds by molecular 
rearrangement of diazoamido-compounds. The nitrous acid 
and nitric acid were oxidation products of the ammonia which 
was added. 

C. F. Boehringer & Sohne add a manganese salt to the 
electrolyte ^ in the presence of a strongly dissociating acid and 
thus smoothly oxidize aniline to quinone 

The fact that aromatic amines are often directly convertible 
by oxidation into dyes, early directed attention to the elec- 
trolytic oxidation of amines for the direct preparation of dyes. 
The investigations of Goppelsrodcr,^ which were carried out 
some time ago, have primaril)’- this end 111 view. 

Goppelsroder has compiled the technical results in a small 
pamphlet; " Farbelektrocheraischc Mitteilungen ” (Miihlhausen, 
1889). They may be briefly mentioned here 

If a galvanic current is conducted through acid or neutral 
aqueous solutions of aniline, there is formed at the positive 

‘ D R P No 117129 (1900) 

’ Dnngler, Polytechn Joum 221, 75, 223, 317, 034, 234, 92, 209 (1876)- 
1877) Of also Concerning the Preparation of Dyes, and their Simul- 
taneous Formation and Fixation in the Fibers with the Aid of Electrolysis, 
Goppelsrdder, Reichenbetg, 1885. 
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pole, besides other coloring matters, amline black, C24H21N4CL 
Under similar conditions d3^es are obtained at the positive pole 
from the salts of toluKhne, meJiylamlimj dtphenylamine, di- 
tolylamme, and phenyltolylamine. 

On electrolysis of a mixture of anthi'aquinone and caustic 
potash Goppelsroder obtained alizarine 

The mmierous experiments which led to the formation of 
dyes at the anode, when amhne, tolmdine, methjdanihne, 
diphen^daimne, methyldiphenylaymne and naphthylamine or their 
salts were electrolyzed, have, however, not been scientificall}^ 
investigated and, hence, still remain unsolved The same 
holds true of Goppelsroder^s investigations concerning the oxi- 
dation of phenol and antliraquinbne The most important dis- 
covery is the fact that amhne salts smoothly yield amhne black 
at the anode; the naphthylamine salts give naphthylamine- 
violet ^ 

Voigt^^ by the electrolytic oxidation of siutable mixtures 
of bases, prepared rosamhne, chrj^samhne, saframne, and p- 
leucanilme His object in these researches was the same as 
that of Goppelsroder; namely, the preparation directly in the 
bath of the important dyes of the amhne series 


^ The following literary data wall serve as a guide 
Research 1 * Preparation of aniline black 
Research 2 f Electrolysis of aniline with excess of aniline 
Electrolysis of toluidine 

Electrolysis of mixtures of andme with toluidine isomers 
Research 3 t Electrolysis of aniline and toluidine salts m the presence 
of potassium nitrate, nitrite, or chlorate in aqueous solution 
Research 4 § Electrolysis of the salts of methylamline 
Electrolysis of the salts of diphenylamme 
Electrolysis of the salts of methyldiphenylamine 
Electrolysis of phenol 
Electrolysis of the salts of naphthylamme 
Research 5.|[ Conversion of anthraqumone into alizarine by the eleo 
trolysis of a mixture of anthraqumone and potassium hydroxide 
^ Ztsch f angew Chemie, 1894, p 107. 

* Dingier, Polytechm Jotirn 321, 75 (1676) 

223,317 (1877) 
tibtd 223,634 ( 1877 ) 

§Ibzd 224 , 92 ( 1877 ) 

11 Ibid 224 , 209 ( 1877 ). 
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stance was deposited at the positive pole, Rotondi interrupted 
the electrolysis and was able, with more or less certainty, to 
establish the following processes 

1 The formation of diazo-compounds: 

CeHsNHa (HNO3) + HNO2 = C6H5N2NO3 + 2H2O 

2 The formation of diazoamido-eompounds 

2C6HsNH2 4 - HNO2 = C6H5N2NHC6H5 + 2H2O. 

C6H5N2NO3 + CeHgNHa = CeHgNaNH CeHs + HNO3 

3. The formation of azo-compounds by direct oxidation of 
aniline: 

2 C 6 H 5 NH 2 + 2 0 = 2H20 + C6HsN2C6H5 

4 The formation of amidoazo-compounds by molecular 
rearrangement of diazoamido-compounds The nitrous acid 
and nitric acid were oxidation products of the ammonia which 
was added. 

C F Boehringer & Sohne add a manganese salt to the 
electrolyte ^ in the presence of a strongly dissociating acid and 
thus smoothly oxidize aniline to qmnone 

The fact that aromatic amines are often directly convertible 
by oxidation into dyes, early directed attention to the elec- 
trolytic oxidation of amines for the direct preparation of dyes. 
The investigations of Goppelsroder,^ which were carried out 
some time ago, have primarily this end in view 

Goppelsroder has compiled the technical results in a small 
pamphlet: “ Farbelektrochemische Mitteilungen ” (Mulilhausen, 
1889). They may be briefly mentioned here 

If a galvanic current is conducted through acid or neutral 
aqueous solutions of aniline, there is formed at the positive 

‘D R P No 117129 (1900) 

* Dnngler, Polytechn Journ 221, 75, 223, 317, 634, 234, 92, 209 (1876)- 
1877) Cf also Concerning the Preparation of Dyes, and their Simul- 
taneous Formation and Fixation m the Fibers with the Aid of Electrolysis, 
Goppelsroder,, Reichenberg, 1885 
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pole, besides other coloring matters, amline black, C24H21N4CL 
Under similar conditions dyes are obtained at the positive pole 
from the salts of tolmd/inej me.hylamhnej diphenylaminej di- 
tolylarmne, and phenyltolylamine 

On electrolysis of a mixture of anthraqmnone and caustic 
potash Goppelsroder obtained alizarine. 

The numerous experiments which led to the formation of 
dyes at the anode, when anihne, tolmdine, methylamhne, 
diphenylamine, 7 nethyldiphenylam%ne and naphthylamine or their 
salts were electrolyzed, have, however, not been scientifically 
investigated and, hence, still remain unsolved The same 
holds true of Goppelsroder^s investigations concerning the oxi- 
dation of phenol and anthraqmnone The most important dis- 
covery IS the fact that amline salts smoothly yield aniline black 
at the anode, the naphthylamine salts give naphthylamine- 
violet ^ 

Voigt, 2 by the electrolytic oxidation of smtable mixtures 
of bases, prepared rosanihne, chrysamhne, saframne, and p- 
leucanilme. His object in these researches was the same as 
that of Goppelsroder, namely, the preparation directly in the 
bath of the important dyes of the anihne series 


^ The following literary data will serve as a guide 

Research 1 * Preparation of aniline black 

Research 2 t Electrolysis of aniline with excess of aniline. 

Electrolysis of toluidine 

Electrolysis of mixtures of aniline with toluidine isomers 
Research 3 J Electrolysis of anilme and toluidine salts m the presence 
of potassium nitrate, nitrite, or chlorate in aqueous solution 
Research 4 § ’Electrolysis of the salts of methylaniline 
Electrolysis of the salts of diphenylamine 
Electrolysis of the salts of methyldiphenylamme 
Electrolysis of phenol 
Electrolysis of the salts of naphthylamme 
Research 5 H Conversion of anthraqumone into alizarine by the elec- 
trolysis of a mixture of anthraqumone and potassium hydroxide. 

^ Ztsch f angew Chemie, 1894, p 107. 

*I)mgler, Polytecha Joum 321, 75 (1676) 
iilbtd 333.317 (1877) 
tlb%d 333,634(1877) 

§ Ibtd 334. 92 (1877) 

11 Ibid 334, 209 (1877). 
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If electrolytic oxygen is permitted to act upon aniline in 
concentrated acetic-acid solution, acetanilide is formed (Voigt); 
by using a dilute solution, however, amidohydroquinone is 
obtained. 

These investigations have not been satisfactorily concluded, 
which is also the case with those of Foelsing,^ who, by the 
oxidation of p-phenylenediamme and benzene-p-phenylene« 
diamine, obtained indigo-blue dyes 

According to Lob^s ^ experiments (see p 176) by electro- 
IjtiG reduction of mtro-compounds in a solution of fuming 
hydrochloric acid m an excess of an aromatic amine, indulme-like 
dyes — not identical with the known mdulme dyes — are obtained. 
Szarvasy,^ however, by anodic electrolysis of molten anihne 
hydrochloride, obtained electrolytically the mdulines themselves. 
If a mixture of aniline and aniline hydrochloride is electrolyzed 
at 70°--9G^, there is obtained a rich yield of azophemne, the 
known intermediate product of the mdulines By electrolysis 
of the pure molten salt at about 150°-300°, mduhne, anihdomdu- 
line, and mduhne 6 B, besides the intermediate products of the 
mduhne formation, could be detected as products of the anodic 
oxidation The oxidizing agent in these processes, which were 
carried out without an oxygen-containing electrolyte, was 
chlorine, which probably first produces azo-compounds that 
react further in the molten mass with amhne hydrochloride. 

The mterestmg research of Votocek, Zenisek ^ and Sebor ^ 
may also be referred to in this connection. This permits the 
Sandmeyer-Gattermann reaction (substitution of the diazo-group 
by chlorine and bromine) to be carried out electrolytically. For 
this purpose the diazotized solution of the amine is electrolyzed 
— for instance 50 g. aniline, 120 g HCl, 38 5 g NaN02 — between 
copper electrodes with addition of cuprous chloride or copper 
sulphate At the end of the experiment (ceasing of the nitrogen 


‘ Ztsclir f Elektrochemie 2, 30 (1895) 
2 Ibid 6, 441 (1900) 

»Ibid 6,403 (1900). 
nbid 5,485(1899) 

' Ibid 7, 877 (1901) 
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evolution) 64% chlorbenzene and 10% azobenzene could be 
isolated Tliis process could be used successfully for obtaining 
brombenzene by addition of copper sulphate and potassium 
bromide, also for p-chlortoluene and /9-chlornaphthalene The 
method is not applicable for preparing fluor benzene and 
a-chlornaphthalene 

The direct chazotization and preparation of azo-dyes in one 
electrochemical process was discovered by Lob ^ His method — 
an anodic process — is based on the following principle 

As IS well known, azo-dyes are generally prepared by diazo- 
tizing the amine in acid solution or suspension at a low tempera- 
ture and then bringing together the diazotized solution vdth the 
usually alkahne solution of the components to be joined 

The same effect can be reached electrochemically, if amine, 
mtrite, and the couphng components of the compound desired are 
simultaneously exposed in a neutral or sometimes alkaline 
electrolyte to the anodic action of the current at an unattackable 
electrode 

The first stage of the process consists undoubtedly in the 
action of the discharged NO 2 ions on the amine, as shown in the 
equation 

RNH 2 + NO 2 RN = NOH + OH. 

However, if an amine alone is subjected to the anodic current 
action in the presence of the mtrite, complicated products 
result, besides the action of the NO 2 ions upon the armdo-group 
and the typical decomposition of the diazo-body by the electro- 
lyte, substitution and oxidation processes seem to occur 

It is therefore necessary to add components to the electrolyte 
already before the electrolysis, which react so rapidly with the 
intermediately occurring diazo-bodies that the latter is with- 
drawn from the other disturbing influences 

Phenols are particularly suited as addition substances for 
fixing the diazo-bodies Experiments have shown that the 
coupling of the diazo-compound with the acid component takes 


1 Ztschr f Elektrochemie lOt, 237 (1904) 
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place much more rapidly than its decomposition by the men- 
tioned influences In the presence of phenols the formation of 
the azo-dyes can therefore be made the predominating one It 
is very evident that m this process amines are not apphcable as 
components for couphng pm poses, because they are themselves 
subject to the action of the mtrite ions, and other complicated 
reactions. 

The experiments are generally conducted by putting the 
aqueous solution, or suspension, of aimne, couphng component — 
preferably in the form of a soluble salt — and nitrite, m equi- 
molecular proportions, m the anode chamber, which is smtably 
separated from the cathode chamber by a diaphragm Platinum 
is the best anode material, any smtable metal can serve as 
cathode. The current conditions chosen may vary greatly — ^from 
50-600 amp per square meter of anode surface It is very 
important that the anode fluid be stirred during the whole 
experiment 

An increase in temperature is sometimes beneficial, but is 
generally unfavorable for the yield and purity of the dyes 
An artificial lowering of the temperature, which is necessary 
for the chemical diazotizing process, is never required Several 
examples are classified m the following table : 


Anode 

solutions 

Sodium 

Sulphanilate 

/?-Naphthol 

Sodium 

Nitrite 

Water 

Benzidine 

Naphthion- 

ate 

Sodium 

Nitrite 

Water 

Sodium 

Hydroxide 

Dianisidine 

/9-Naphtliol 

Sodium 

Nitrite 

Water 

Benzidine 

Sodium 

Salicylate 

Sodium 
Nitrite ' 

Water 

Sodium 

1 4-Naphthyl- 
aminesul- 
phonate 

/?-Naphthol 

Sodium 

Nitrite 

Water 

Results 

Orange II 

Congo 

Dianisidine- 

blue 

Chrvsamme 

Roccelme 


Dimethylaniline, electrolyzed in sulphuric-acid solution at 
platinum electrodes m the presence of some chromic acid, gives 
tetramethylbenzidine. In this case the oxidizer is chromic 
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acid, the current action consists only in the continual re- 
generation of the latter (Lob ^). 

Triamidotriphenylmethane. — The Farbwerken vorm Meister, 
Lucius, & Bruning,^ by electrolytically oxidizing those sub- 
stances which are formed in the treatment of the hydro- 
chloric-acid salts of homologues of triamidotriphen3dmethane 
with fuming sulphuric acid in the presence or absence of sul- 
phur, succeeded in preparing blue, basic triphen^^lmethane 
dyes. 


4. Phenols 

Phenol. — Bunge, 2 Bartoh and Papasoli ^ submitted phenol 
to the action of the electric current Bunge observed that the 
decomposition of potassium phenolate was analogous to that 
of an acid or a salt, the potassium phenolate was split up into 
K (cation) and CeHsO (anion), the latter combining with 
water to form phenol, with the liberation of oxygen Bartoh 
and Papasogli, on electrolyzing solutions of phenol in potas- 
sium and sodium hydroxide, and using electrodes of coke, 
graphite, and platinum, obtained an acid having the com- 
position C7H6O4, which melted at 93°, reduced ammoniacal 
silver solution and Fehlmg’s solution on being heated, and 
when in aqueous solution was not precipitated by acids When, 
however, retort coke was used as the positive electrode, an 
extensive decomposition of the phenol occurred and a resin 
was formed 

On subjecting a neutral potassium phenolate solution to the 
action of the electric current they were able to isolate a com- 
pound, C65H4SO22, soluble m alkali and precipitated from such 
solutions by mineral acids. This latter compound on being 
oxidized with nitric acid formed picric acid When allowed 
to remain in solution in the presence of dilute acids for a pro- 


‘ Ztschr f Elektrochemie 7, 603 (1901) 

2 11 R P No 100556 (1897) 

‘ Ber d deutsch chem Gesellsoh 3, 298 (1870). 
^Gazz chim 14, 103 (1884) 
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longed period, it underwent decomposition according to the 
foUowmg equation • 


C65H48O22 + H2O = C44H30O15 + C21H20O8 

The electrolysis of neutral sodium-phenolate solution gave 
an acid having the formula C29H20O8, which likewise is decom- 
posed on boihng with dilute acids: 


C29H20O8 = C17H10O5 + C12H10O3. 

The compound C12H10O3 is soluble in alcohol, melts at 75 °, 
and IS isomeric with the hydroqmnone ether obtained by 
Etard from chlorchromic acid and phenol It has tne com- 
position 

The relations which exist between the potential and the 
pressure with which a discharged ion, like chlorine, bromine, 
or iodine reacts with phenol nave been determined by Zehr- 
lant ^ with the following results* 

The substitution of chlorine in phenol in dilute acid solution 
does not take place, nor does that of bromine, since the oxida- 
tion begins earlier, at a lower potential, than the halogen 
discharge Iodine also does not act on phenol m acid solution 
A bromination can, however, be obtained if, on the one hand, 
the potential for the beginning of the oxidation is raised by 
decreasing the oxygen- or hydroxyl-ionic concentration, on 
the other hand, the discharge potential of bromine is lowered 
by increasing the bromine concentration, i e , if concentrated 
hydrobromic acid (multiple normal) is employed, bromination 
occurs 

Thymol. — In alkahne solution halogen substitution takes 
place very rapidly with phenols This fact has led to the 


^Ztschr f Elektrocheime 7, 501 (1901) 
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electrolytic preparation of dith3"molduodide^ the antiseptic 
anstol, as made Messinger and Vortmann^ by the electrolysis- 
of an alkahne solution of thymol with the addition of potassium 
iodide 

Directions for the preparation of a whole series of iodides of 
phenols ar^ mentioned m the same patent papers, e g , from 
> 3 -naphthol^ phenol, resorcin, salicylic acid, cresohnic acid, carva- 
crol, p-isobntylphenol, o-vi-p-'isobutylcresol, etc 

Nosophen, a tetraiodophenolphthalem, fiom phenolphtha- 
lein (Classen and Lob ^), is obtained in like manner. 

With these methods of preparation there corresponds a simi- 
lar process, which the Societe chimique des usmes du Rhdne anc. 
GiUiard, Monnet et Cartier patented in Germany,^ for the elec- 
trolytic preparation of eosme and other halogen derivatives of the 
fluorescein group The solutions of the fluoresceins in alkali- 
hydroxide or in alkah- carbonate solution serve as anode fluids. 
The halogens, such as chlorme or bromine, are introduced into 
the anode compartment, whereby salts of the halogen acids 
form and simultaneous halogenation of the fluorescems occurs. 

Since the salts are again decomposed by the current, with 
splitting off of the halogen, whict in turn reacts on the fluores- 
cems, the quantitative — ^very important for bromine and iodine 
— utilization of the halogen can take place. The well-known 
eosms are said to be obtained m excellent yields and m a high 
state of purity. 

Phenylmercaptan — Bimge,^ "who had obtamed ethyldi- 
sulphide from ethyl mercaptan (see p 65 ), also investigated 
phenylmercaptan Phenyldisulphide, (C6H5)2S2, was formed 
from phenylmercaptan at the positive pole 

Hydroquinone. — ^If an acid hydroquinone solution with 
addition of a manganese salt, accordmg to the process of C. F. 
Boehringer & Sohne,^ is electrolyzed, qmnone is smoothly pro- 


1 D R P No 64405 (1891) 

2 Ber d deutscli chem Gesellsch 28, 1603 (1895) 

3 D R P No 108838 (1899) 

^ Ber d deutsch chem Gesellsch 3, 911 (1870) 

R P*No 117129 (1900) 
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duced But if a weak sulphuric-acid solution without addition 
is electrolyzed, qumonehydrone is precipitated at the anode 
(Liebmanni) 

Resorcin. — Alefeld and Vaubel^ by electrolytic oxidation, 
have obtained dyes of different shades from resorcm and other 
hydroxyl derivatives of the aromatic series, such as galhc acid, 
tanmc acid, fluoresceins and eosins An mvestigation of the 
dyes was not made 

P3rrogallol (pyrogalhc acid) —According to A G. Perkin 
and F M. Perkm,® purpurogalhn CiiHgOa, can readily be ob- 
tained by electrochemical oxidation of pyrogallol m dilute 
sulphuric acid with addition of sodium sulphate at a platinum- 
indium anode. 

Gallic Acid behaves hkewise Purpurogalhncarboxyhe 
acid, GiiH 705C00H, is probably obtained 

Eugenol. — ^The firm v Heyden Nchfg ^ obtains vanillin elec- 
trolytically from eugenol The latter is rearranged by alkalies 
into isoeugenol and then oxidized electrolytically in alkahne 
solution 

/OH /OH 

CeHg^OCHs r^CeHg^OCHs 

\CH2CH = CH2 \CH = CHCH3 

Eugeaol Isoeugenol 


/OH /OH 

CeHs^OCHg +3 0 CeHseOCHs +CH3COOH. 
\CH = CHCH3 \CH 0 

Isoeugenol VaniUm 


5 . Alcohols, Aldehydes, Ketones, and Quinones. 

These classes of bodies, owing to their pecuharity in being 
both reducible and oxidizable, present many interestiag phe- 
nomena respecting their electrolytic behavior Since every 


‘ Ztsehr. f Elektrochemie 2 , 497 (1896) 
^ Chem Ztg 22 , 297 (1898). 

* Proceed Chem Soc 19, 58 (1903). 

* D. R P No 92007 (1895) 
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electrolytic cell performs both functions at both electrodes, the 
problem presents itself to apply both of these effects of the 
current to one and the same substance We shall see that this 
possibility has actually been reahzed m mchvidual cases. 

Sahcin, saligenm-glucose, by the action of the enzymes 
ptyalm and emulsion, is known to split up mto glucose and 
saligenin (i e o-oxybenzyl, e g salicyl alcohol). On boiling with 
dilute acids the same decomposition occurs, but saligenm is res-^ 
inified to saliretm TichanoT\itz ^ and Hostmann ^ found that 
sahcin on electrolysis sphts up into glucose and sahcyl alcohol, 
the latter being partially oxidized to salicylic aldehyde and 
salicylic acid. 

Benzaldehyde. — Kauffmann,^ by electrolyzmg benzaldehyde 
in a 12-15% solution of potassium bisulphite, obtamed at 
the cathode a mixture of hydrobenzoin and isohydi'obenzjon 
According to his statements,^ an alcoholic solution of sodium 
hydroxide is more smtable for the reaction than the aqueous 
solution of bisulphite. Other aldehydes and ketones show a 
behavior similar to that of benzaldehyde, as will be explained 
under the individual substances 

Tafel and Pfeffermann ^ have discovered a useful method 
for preparing aimnes. They electrolytically reduce oximes 
and phenylhydrazones in sulphuric-acid solution Thus 

Benzyhdemphenylhydrazone^ the condensation product of 
benzaldehyde and phenylhydrazme, gives 43 per cent, of the 
theoretical yield of benzylamme, besides some anilme* 


CeHsCH ^^NNHCeHs +4H CeHsCHsNHs +C 6 H 5 NH 2 . 

Benzaldoxime^ by reduction, is split up, yielding 69 per cent- 
of the theoretically possible quantity of benzylamine 

CeHsCH NOH +4H C 6 H 5 CH 2 NH 2 + H 2 O. 


^ Chem Centralb 613 (1861). 

2 Chem Ztg 17, 1099 (1893) 

2 Ztschr f Elektrochemie 2, 365 (189 r>) 

^ Ibid 4, 461 (1898) 

® Ber d deutsch chem Gesellsch ^5, 1510 (1902) 
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Salicylaldehydephenylliydrazoiie, by electrolytical oxidation 
in alkaline solution at a platinum anode can be converted mto 
salicyl-a-osazont) (Biltz ^). 

2OHC6H4CH = NNHCeHs + 0 

OHC6H4C— CC6H4OH 

II II +H2O. 

C5H5HNN NNHCeHs 

Acetophenone, CeHs CO CH3. — Acetophenone yields aceto- 
phenonepinacone, 

CeHsv /CeHs 

>C(OH) C(OH)< 

CH3/ \CH3 

if reduced in alcoholic sodium hydroxide (Kauffmaim 2) . Elbs 
and Brand® employed an alcoholic-alkaline solution and lead 
cathodes, electrolyzmg at the boiling temperature, they also 
obtained acetophenonepinacone and a moderate yield of methyl- 
phenyl carbinol 

C6H5CH(0H)CH3. 

In sulphuric-acid solution and at lead cathodes the same sub- 
stances are produced in almost equal yields. 

Acetophenoneoxime, investigated by Tafel and Pfeffer- 
maim^ in the same way as benzaldoxime, gives phenylethyl- 
amine sulphate 

CeHs. CeHs. 

>C=NOH+ 4 H-^ >CHNH 2 +H 20 . 

CH3/ CH3/ 

Benzophenone, on being reduced in alkaline solution at lead 
cathodes (Elbs and Brand ®), gives benzhydrol almost quanti- 
tatively. 


1 Lieb Am 305, 167 (1899) 

* Ztschr f Elektrochemie 4, 461 (1898). 
’ Ibid 8, 784 (1902) 
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CeHs. 

>CHOH, 

CsHs/ 

while in sulphuric-acid solution the reduction becomes more 
comphcated If the warm solution is electrotyzed with a mod- 
el ate current density, there occurs as chief product ,i3-benz- 
pinacolme, which is to be regarded as a molecular rearrange- 
ment product of the primarily formed benzophenonepmacone 
with splittmg off of water 


CeHsv /CeHs 

^(OH)— C(OH)< 

CeH./ ^CeHg 


CeHgx 

► CsHs^CCOCeHs+HsO. 
CeHs/ 


With a very small current density and at a low temperature 
(0°-2°) the yield of ;3-benzpinaeolme is trifhng, benzhydrol and 
diphenylmethane bemg chiefly produced. 

If the alcohol and sulphuric acid are replaced by acetone 
and phosphoric acid respectively, and the electrolysis is carried 
out with a high current density and with a warm solution, 
there will be formed, by the action of phosphoric acid vnth 
simultaneous sphtting off of water, a-benzpinacoline, the re- 
arrangement product of benzophenonepmacone 


CeH, 




/CeHs CeHs- 


.Ox 


)C(OH)— C(OH)< >C 

CeHg/ ^CeHs CeHg/ 




C< 


.CeHs 

^CeHg 


Benzophenoneoxime — ^This substance, on electrolysis m a 
60% sulphuric acid at lead and mercury electrodes — the latter be- 
ing preferred on account of the difficultly soluble sulphate which 
is formed — ^is reduced to benzhydrylamme (Tafel and Pfeffer- 
manni)’ 



=NOH+4H 


CeH^ 


-CHNHa+HsO. 


Elbs and Brand ^ also investigated the following ketones • 


n c 


W 0. 
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Phenyl-p-tolylketone, by alkaline reduction, gives almost 
quantitatively phenyl-p-tolylcarbmol ■ 


C6H5CHOHC6H4CH3. 


The same product, together with phenyl-p-tolylpinacone, 
is produced in sulphuric-acid solution at a low current density 
and temperature With a higher current density and tempera- 
ture the formation of carbinol is trifling, and a good yield of 
phenyltolylpinacone is obtained : 

C6H5-C(0H)C6H4CH3 

C6H5-C(0H)C6H4CH3. 


Phenyl-m-xylylketone. — The reaction product of the alka- 
line reduction is a liqmd modification of phenyl-m-xylylcarbinol; 
but in sulphuric-acid-acetone solution at the boiling temperature 
phenyl-m-xylylpinacone is obtained The 3 deld of the latter is 
40-50 per cent of that theoretically possible. 

Phenyl-a-naphthylketone. — satisfactory yield of phen 3 d- 
a-naphthylcarbmol is obtained in alkahne electrolytes; in acid 
solution only phenyl-a-naphthyl-/?-pinaeoline, 


CeHsv 

CioHr^COC 

CioHr^ 


eHs, 


results. , This is due to the fact that phenylnaphthylpinacone is 
very sensitive towards acids; thus only its conversion product is 
obtained above. 

The same is true in acid solution of 
p-Ethoxybenzophenone, which yields p-ethoxybenz-jS-pina- 
coline- 


CeHsx 

C2H50C6H4-)CC0C6H6 

C2H5OC6H4/ 
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p-Oxybenzophenone. — this ketone is not reducible in 
alkaline electrol}i:es, the normal reduction product, p-oxybenz- 
pinacone, is produced in alcoholic-sulphuric acid: 

C6H5C(0H)C6H40H 

C 6 H 5 C( 0 H)C 6 H 40 H. 

p-Oxybenzophenonebenzoate. — This substance is reduced to 
the carbinol in sodium-acetate solution To prevent saponifica- 
tion during reduction, the free alkali must be continually neu- 
tralized with acetic acid 

Phthalyl-p-ammobenzophenone. — This compound, by reduc- 
tion m sulphimc-acid solution, gives a poor yield of pmacone 

Elbs and Brand sum up the results of their investigation as 
follows 

1 The electrochemical reduction of ketones in alkahne 
solution at lead cathodes gives the same products as the chemical 
reduction with sodium amalgam or with zinc dust and alkali, 
the process is in many cases smtable for the preparation of 
benzhydrols 

2 The electrochemical reduction of ketones in acid solution 
(dilute sulphuric or phosphoric acid) at lead cathodes leads to 
pinacones; if these are sensitive towards acids, the corresponchng 
a or ^ pmacolines are obtained in their stead For this reason 
the electrochemical process is not so generally apphcable for the 
preparation of aromatic pinacones as the method employing 
glacial acetic acid and zinc dust, which has been worked out by 
Elbs and Schmidt;^ but the electrochemical reduction is more 
energetic than that with zinc dust and glacial acetic acid 
Fatty ketones are reduced like the aromatic ketones, with the 
chfference that fatty and fatty-aromatic ketones give simul- 
taneously alcohols and pinacones, whereas pure aromatic ketones 
yield chiefly only pinacones 

Tetramethyldiamidobenzopiieiione, Michler's ketone, accord- 
ing to Kauffmann,^ when electrolytically reduced m alcoholic 

^ Journ f prakt Chem 51, 591 (1895) 

2 Ztschr f Elektrochemie 4, 461 (1898) 
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sodium-hydroxide solution, gives the corresponding benzhydrol: 

/C6H4N(CH3) 2 /C6H4N (CHs) 2 

CO< +2H=CHOH ; 

>C6H4N(CH3)2 \C6H4N(CH3)2 

Elbs and Brand ^ obtained the same result 

Eschench and Moest ^ made an extensive investigation with 
the object of preparing electrolytically tetra-alkylated diamido- 
benzhydrols They discovered that, by observing certain 
experimental conditions, the reduction can at will be directed to 
the hydrol or the pinacone This is particularly true with 
Michler’s ketone We can thus obtain chiefly pinacone, for 
instance, by employing copper cathodes in a dilute sulphuric- 
acid solution; nickel cathodes, under the same conditions, yield 
about equal quantities of pinacone and hydrol, wmle by using 
lead cathodes and mercury cathodes, hydrol is chiefly produced. 
Moreover, the pinacone reaction occurs the more easily the more 
concentrated the solution is of the acid Because of the resisti- 
bility of the resulting reduction products towards anodic oxygen, 
separate .electrode chambers are not required. 

Since 

Tetramethyldiamidodiphenylmethane, 

(CH3)2NC6H4\ 

>CH2, 

(CH3)2NC6H4/ 

on electrolytic oxidation in dilute sulphuric acid at a lead 
anode also readily yields the hydrol, the oxidizing action of the 
current can also be employed, besides the reducing action, 
in the preparation of the hydrol, if a mixture of tetra- 
methyldiamidodiphenylmethane and tetramethyldiamidobenzo- 
phenone m molecular proportion is electrolyzed. Eschench 
and Moest actually obtained a very good yield of the hydrol, 
— ^without an evolution of gas, — ^at the cathode and anode. 

Dibenzylketone.— Elbs and Brand ® have published a short 

^ Ztschr f Elektrochenue 8, 786 (1902) 

2 Ibid 8, 849 (1902), D R P No 133896 (1901) 

® Ztschr f Elektrochemie 8, 784 (1902) 
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note on this substance The reduction seems to take place 
like that of other ketones; but the nature of the oily reaction- 
product was not determined. 

Benzile. — ^The aromatic diketone benzile, CeHsCO CO CeHs, 
gives peculiar results (Kauffmann . By reduction m an alka- 
line alcoholic solution a whole series of bodies is formed, i e , 
benzoic acid, benzilic acid, tetraphenylerythrite. 

CeHs CHOH 

1 

CeHs COH 
C28H26O4 = I 

CeHs COH 

CeHs CHOH, 

and a substance, C 2 sH 2 eOe, containing one less atom of oxygen, 
which has probabty the constitution 

CeHs CHOH 

CeHs COH 

CeHs CH 

I 

CeHs CHOH. 

Tetraphenylerythrite is also formed by the direct reduction of 
benzoin 

Benzoin. — Benzile, by reduction in dilute alcoholic sodium 
hydroxide and m alcohohc sulphuric acid, according to James, ^ 
can inversely be converted into benzoin Oxidation of benzoin 
in alkahne and sulphuric-acid solution gives a poor yield of ben- 
zoic acid In alcohohc hydrochloric acid, especially at a high 
current density, benzile is formed 

Anthraquinone. — ^The first researches concerning the elec- 
trolysis of this substance were made by Goppelsroder (see p. 
194), who, by suspending anthraquinine in potassium hydroxide, 

^ Ztschr f Elektrochemie 4, 461 (189S). 

2 Joum Am Chem Soc 21, 889 (1899). 
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suspected reduction products, such as oxyanthranol or hydro* 
anthroquinone, among the substances deposited on the cathode 
electrode. If the current is sent through a nnxture of anthra- 
quinone and molten alkali, oxyanthraquinone first, then ahzarate, 
and then purpurate, is supposed to be formed. These experiments, 
however, reqmie to be repeated with greater exactitude. 

According to Weizmann,^ anthiaqumone, dissolved in concen- 
trated sulphuric acid, is converted by electrolytic oxidation 
into monoxy-, dioxy-, and trioxyanthraqiunone An addition 
of oxalic acid to the sulphuric acid is smtable for obtaining 
dioxyanthraqmnone A mtrooxyanthraquinone, which is con* 
vertible by electrical reduction mto amidoahzarm, is similarly 
obtained from monomtroanthraquinone? The amidoahzarm can 
be directly obtained from nitroanthraquinone if its solution is 
electrolyzed with an alternatmg current The sulphomc-acid 
derivatives of anthraquinone behave hke anthraquinone. 

The phenomena occurring with these oxidations were later 
more accurately investigated by Perhn ^ From anthraquinone 
in 92% sulphuric acid 90 to 96% dioxyanthraquinones and a 
small quantity of monoanthraqumones were obtained Besides 
n- and /9*monooxyanthraqmnone, quimzarin, alizarin, and pur* 
purm could be isolated If the anthraquinone*sulphuric acid 
solution IS employed as cathode flmd, anthranols, an thrones, 
and hydroanthranols are formed. If the sulphuric-acid con* 
centration of the anode solution is increased, there are formed 
sulphurated oxyanthraquinones. 

a-Monomtroanthraqmnoney under hke conditions, gives a 
mtrooxyanthraquinone besides a mixture of di- and trioxyan* 
thraquinone. 

Dibromanthmquinone gives violet crystals, perhaps a tetrii* 
oxydibromanthraquinone. 

Phenanthrenequinone, according to Berlin, is electrolytically 
oxidized in concentrated sulphuric-acid solution to a mixture 
of mono- and trioxyphenanthrenequinone 

1 F P. No 265291 (1897) 

2 F P No 265292 (1897) 

*Diss Berlin, March, 1899. 
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All these oxidation processes illustrate the possibihty already 
mentioned (p 132) of introducing oxygen electrol}i;ically into 
the benzene nucleus. 


6 Acids 

The electrolysis of aromatic acids by no means offers results 
which aie comparable to those obtained by the electrol 3 "sis 
of aliphatic acids In so far as the aromatic acids, or their 
salts, act as electrolytes, a regeneration of the acid from the 
anion RCOO and water, with evolution of ox 3 "gen, occurs 
almost exclusively A splitting off of carbonic acid, which 
makes possible the manifold reactions of aliphatic acids, almost 
never occurs here The results obtained with aromatic acids 
are, therefore, only of a more general interest so far as the 
acids, by substitutions in the benzene nucleus, can act as 
cathodic or anodic depolarizers, and can in this way exert 
reduction and oxidation effects 

Benzoic Acid. — Benzoic acid and its salts were examined 
by several investigators, first by Matteuci,^ then b 3 " Brester,^ 
but most thoioughl 3 ^ b 3 ’' Bourgoin ^ 

The result of all these investigations is to show that here 
no secondar 3 ^ reactions take place, as was observed in the case 
of the fatty acids, but that the only effect of the current is to 
pioduce a separation into hydrogen (or metal) and the acid 
radical, the latter regenerating the acid at the positive pole. 

In an alkahne solution it is possible to so increase the oxida- 
tion that the benzoic acid is destr 03 ’-ed The decomposition prod- 
ucts which then appear at the anode are carbon dioxide, carbon 
monoxide, and sometimes acetylene. The odor of bitter 
almonds is also frequently observed 

A thorough investigation was made by Lob,^ who employed 
a current having a potential of 6-7 volts and a current density 
of 15-20 amp per sq cm and obtained a small quantity of 

1 Bull soc Chun 10, 209 (1868) 

2Jahresb f Chem (1866), 87 
^ Bull soc chim 9, 431 (1867) 

* Ztschr f Elektrochemie, 2, 663, 3, 3 (1896) 
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a substance containing sodium, but the chemical nature of 
which has not yet been determined There is formed besides 
t his compound a small quantity of benzaldehyde, as well as 
acetylene and carbon monoxide Under no circumstances do 
diphenyl or other hydrocarbons occur; nor do fatty acids 
appear, which is otherwise generally the case in an extensive 
oxidation of this character 

According to the investigations of Schall,^ diphenyl does, 
however, occur if a solution of sodium benzoate in molten 
benzoic acid is electrolyzed at 100 volts between silver elec- 
trodes 

Benzoic Esters — Tafel and Friedrichs,^ by conducting the 
electrolysis in alcoholic-aqueous sulpnuric acid at lead or mer- 
cury cathodes, obtained methyl benzyl ether and the ethyl benzyl 
ether from benzoic methyl and benzoic ethyl esters respectively. 
Mettler,® by a similar arrangement, obtained chiefly benzyl alco- 
hol and some benzyl methyl ether from benzene methyl ester 

The esters of monochlor- and brombenzotc acids also yield the 
corresponding ethers and alcohols. 

Thiobenzoic Acid. — On electrolyzing this acid Bunge ^ ob- 
tained the bisulphide of benzoyl 

Sulphobenzoic Acid. — This acid, according to the statements 
of the same investigator, is not changed by the current 

Phthalic Acid. — Bourgoin ^ states that the electrolysis of 
this acid and of its neutral or alkahne salts resulted in the 
formation of the unchanged acid at the positive pole. The 
appearance of small quantities of carbon dioxide and carbon 
monoxide, however, was an evidence that a small portion of the 
acid had undergone oxidation 

The potassium salt of the mono-ethyl ester of phthalic acid, 
when electrolyzed by Brown and Walker,® became dark-colored, 
and a resinous substance was formed, but the isolation of any 

^ Ztsclir f Elektrochemie 0, 102 (1899) 

2 Ber d deutsch chem Gesellsch 37, 3182 (1904) 

8 Ibid 37, 3692 (1904) 

^ Ibid 3, 296 (1870) 

® Jahresb f Chem 631 (1871) 

« Lieb Ann 274, 67 (1893) 
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new electrolytic product was not possible. Phthahc esters, 
according to Tafel and Friedrichs/ can be readil}^ reduced in 
the presence of sulphuric acid at lead or mercur}' cathodes 
Phenylacetic Acid. — This acid, electrolyzed in the form of 
its potassium salt by Slamk/ 5aelded free phenylacetic acid 
p"Toluic Acid. — According to an incomplete reseaich by 
Labhardt and Zschoche/ p-toluic acid in alkaline solution at 
pohshed platinum anodes is oxidized to terephthalic acid : 

.CHs .COOH 

CeHZ ^CeHZ 

^COOH ^COOH 

p-Toluenesulphonic Acid. — This acid gives at platinum and 
lead electrodes a poor yield of p-sulphobenzoic acid (Sebor ^). 

Cinnamic Acid. — Cinnamic acid, investigated by Brest er,^ 
showed a similar beha\dor in the electrolysis of both the free acid 
and the neutral solutions of its salts Lob ^ has reported an 
accidental observation on the formation of bromstyrene by 
electrolysis of cinnamic acid in the presence of potassium bromide. 

In acid solution Mane^ converted cinnamic acid almost 
quantitatively into h 3 ^drocinnamic acid 

Benzylmalonic Acid. — When this acid m the form of its 
ethyl-potassium salt was submitted to electrolysis by Brovm and 
Walker ^ it exliibited a behavior materially different from that of 
malonic acid The solution became dark-colored, but contained 
no new compound If oxidation occurred, it was a complete 
oxidation into carbon dioxide and carbon monoxide, such as has 
been observed in the case of unsaturated acids. 

However, when v. Miller ^ electrolyzed the ethyl-potassium 


n c 

2 Ber d deutsch chera Gesellsch 7, 1051 (1874). 
® Ztsclir f Elektrochemie 8, 93 (1902) 

^ Ibid 9, 370 (1903) 

5Jabresb f Chem 87 (1866) 

® Ztschr f Elektrochemie 3, 46 (1896) 

» Compt rend 136, 1331 (1903) 
sLieb Ann 274, 67 (1893) 

® Ztschr f Elektrochemie 4, 57 (1897) 
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salt of this acid in the presence of potassium acetate, not only 
a-methylhydrocinnamic ester, 

.COOC2H5 

CeHsCHsCH/ 

^CHs 

but also dibenzylsuccinic ester, 

CeHs - CH2 - CH - COOC2H6 
CeHs - CH2 - CH ~ COOC2H5, 

was produced, as was to be expected according to the Brown- 
Walker reaction There are also present the normal by- 
products of the electrolysis of such kind of acids, in this case 
hydrocinnamic acid and cinnamic acid. On repeating these 
experiments, Hauser ^ was also able to isolate propylbenzene, the 
formation of which was brought about by the electrolysis of 
hydrocinnamic ester — ^readily formed from the material started 
with — and potassium acetate 

The electrolysis of the ester-salt of benzylmalonic acid 
with 'potassium butyrate and caproate takes place just as with 
potassfum acetate Good yields of propylhydrocinnamic ester 
and amylhydrocinnamic ester, besides dibenzylsuccinic ester 
and cinnamic and hydrocinnamic esters, are obtained. 

Dibenzylacetic Acid. — This substance, on electrolysis of 
its potassium salt, and a mixture of this salt with fatty acid salts, 
gives no tangible products 

Salicylic Acid. — The formation of yellow mordant dyes, 
which are obtained by the electrolytic oxidation of aromatic 
oxycarboxylic acids in sulphuric-acid Solution (Badische Anilin- 
u Sodafabrik^), seems to be based on the frequently mentioned 
introduction of oxygen into the benzene nucleus The materials 
servmg as starting-point, aside from salicylic acid, were 33011- 
metrical m-diopcybenzoic acid, gallic acid, tannm, gallammic acid, 
esters of the acids, m- a'nd p-oxybenzoic acid, and other oxy-acids. 


' Dissertation Munich (1901) 
> D. B. P No. 85390 (1895) 
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The electrolytic introduction of halogens into salicylic acid 
lias been mentioned under phenols (p* 201). 

Von Miller and Hofer ^ have applied their method for the 
electrolysis of organic oxy-acids to several aromatic acids con- 
taining substituents, these experiments may briefly be men- 
tioned here. 

Plienyl-/9-lactic Acid. — This acid gives at the anode 
benzaldeh 3 ^de, besides resinous bodies. 

Mandelic Acid. — This substance juelded at the anode chiefly 
carbonic acid, a little carbon monoxide, and also benzaldehyde. 
The same body was formed in the electrolysis of phenyl- 
glyceric acid 

Sulphoanthranilic Acid. — This substance, according to a 
patent ^ of Kalle & Co , can be converted into anthranilic acid 
if electrolyzed in neutral or shghtly acid solution at a mercury 
cathode. 


7 Acid Amides and Nitriles. 

According to the investigations of Baillie and Tafel,^ the 
reduction of acid amides in sulphuric-acid solution at lead 
cathodes leads to amines, as shown in the equation 

RCONH2+4H-RCH2 NH2 + H2O. 

Benzamide yields only a httle benzylamme, benzaldhyde, 
which probably contained benzyl alcohol, was also formed. 
In a similar manner 

Dimethylbenzamide gives dimethylbenzylamine; 

Acetanilide gives ethylaniline; 

Acetyl-o-toluidine gives ethyl-o-toluidine; and 

Succinanil gives phenylpyrrolidone 


CH2— CO 

1 

CH2— CO 


^NCeHg+ffl 


CH2 — COn 
CH2-CH2'' 


>NC6Hs + H20. 


^ Ber d deiitsch chera Gesellsch. 27, 461 (1894) 
^D R P No 146716 (1902). 

® Ber d deutsch chem Gesellsch 32, 63 (1899). 
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(The same reaction in the aliphatic series, p. 119, in the 
pyridine and quinoline series, p. 218 ) 

o-Toluenesulphonamide (o-Toluenesulphamide) — ^According 
to a patent of F. v. Heyden Nachfolger,* benzoylsulphon- 
imides can be prepared by the electrolytic oxidation of toluene- 
sulphonamides in alkalme, or earthy-alkaline solution, for 
example, o-bqnzoylsulphonimide (benzoic sulphimide), or sac- 
harm, from o-toluenesulphonamide 

/SO2-NH2 /SO2V 

CsEZ -b30=C6H4< >NH+2H20 

^CHa ^CO / 

The p-nitro-substitution products of o-toluenesulphcnaimde 
are said to behave similarly 

Just as ammes are easily obtained by reduction of nitriles 
with sodium amalgam or sodium and alcohol, so this reaction 
can be carried out electrolytically (p 121) 

Benzonitrile. — ^Ahrens,^ by electrolytic reduction of this 
substance in dilute sulphuric acid at a platmum cathode, 
obtained benzylamine; in like manner, 

Benzylcyanide gave the correspondmg phenylethylamine. 

8 The Indigo Reduction. 


The reduction of indigo by electrolytic hydrogen in alkaline 
suspension, the fluid bemg warmed, has already been carried 
out by Fr Goppelsroder.^ and v. Wartha^ Mullerus ® easily 
reduced indigosulphonic acid. 

Thorough studies regarding the process of the reduction of 
indigo by the electric current have recently been made by 
A Binz,® and Binz and Hagenbach^; these show that most 
probably zinc and not hydrogen plays the chief part in the 
reduction. Thus when mdigo is electrolytically reduced in 

»D R P No 85491 (1896) 

2 2tschr. f Elektrochemie 3, 100 (1896) 

® Preparation and Pixation of Dyes with the Aid of Electrolysis, Reichen- 
berg, 1885 

* Chem Ztg. 8, No 25 (1884). 

® Ibid 17, 1454 (1893) 

®Ztschr f Elektrochemie 5, 5, 103 (1898); 9, 599 (1903), 

’ Ibid. 6, 261 (1899) 
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alkaline solution, almost no formation of indigo-white occurs^ 
but if alkaline-zinc solutions and zinc cathodes are employed 
a smooth reduction (formation of the vat) takes place 

Bmz concludes further that the conversion of mdigo into 
indigo-white depends upon a withdrawal of oxygen and not 
upon the takmg up of hydrogen, as lutherto supposed. The 
phenomena observed m the reduction of indigo agree mth the 
views regarchng the behavior of attackable cathodes, as men- 
tioned in the introduction (p 18) Tlie reducing agent is the 
dischaiged zinc-ions, whose separation on the cathode and whose 
reaction vith the depolarizer indigo occurs m a proportion 
which depends upon the velocities of the two processes The 
cathode potential appears as a measure for the reduction energy^ 
whose value is naturally determmed by the chemical nature 
of the zmc, and cannot forthwith be attainable by any other 
reducmg agent such as hydrogen In this respect we can say 
with Bmz that the indigo reduction is based upon the direct 
action of the metal 

Without entering upon the subject of the electrolytic prepa- 
ration of reducing substances which are useful for vat forma- 
tion, such as hydrosulphites, a process ^ of the Farbwerke 
Meister, Lucius and Brunmg m Hochst may here be mentioned 
by which sulphite solutions are electrolyzed at higher tempera- 
tures m the presence of indigo Hereby the sulphites are con- 
verted into hydrosulphites, which accomplish the reduction of 
indigo, the sulphites being regenerated The latter are again 
continually reduced In alkaline electrolytes a vat is imme- 
diately formed and m acid solutions solid indigo-white is pre- 
cipitated The current density and cathode material can at 
will be chosen within wider limits. 

9 Pyridine Derivatives and Alkaloids 

The pyridine ring is easily reducible Hydropyndmes are 
formed from pyridine and its derivatives, and piperidines by 
complete hydration. Quinohne and acridine are also easily 
converted into hydro-compounds 


1 D R P No 139567 (1902) 
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These reductions can easily be obtained with the electric 
current under suitable conditions, the alkaloids, which have a 
pyridine nucleus, also behave analogously 

Pyridine. — Ahrens ^ accomplished the electrolytic reduction 
of pyridine and the derivatives of pyridine, and obtained piperi- 
dine from p3rridme, and a-pipecoline from a-picolme In these 
electrolyses lead cathodes and 10% solutions of sulphuric acid 
were employed 

If strong sulphuric acid and a platinum cathode are used 
there is formed a substance containing mtrogen and sulphur, 
the chemical nature' of which has not yet been determined 
Benzoylpiperidine. — On the occasion of their experiments re- 
garding the reduction of acid amides, Baillie and Tafel,^ by 
electrolytical reduction in sulphuric acid at a lead cathode, 
converted benzoylpiperidine into benzylpiperidine and obtained 
a yield of 77 per cent of the latter compound. 

QuinoHne was electrolyzed by Ahrens ^ in a 10 % sulphuric 
acid The cathode was of lead, and the anode of platinum. 
An apparently tri-molecular hydroquinone (C9H9N)3 was chiefly 
formed at the cathode, besides small quantities of hydroquinoline 
(C9H9N)2 and tetrahydroqumoline, C9H11N2 

According to a later patent of E> Merck,^ if quinoline 
is electrolyzed in dilute sulphuric acid containing for 1 equiv- 
alent of the base at least 4 equivalents of the acid, and free from 
metallic salts, a good yield of dihydroqmnoline is obtained 

CeHZ i +2H=C6H4< li . 

Acetyltetrahydroquinoline. — As in the case of benzoylpiperi- 
dine, Baillie and Tafel ® were able to reduce this compound, and 
obtained a good yield of ethyltetrahydroqumoline 

^ Ztschr f Elektrochemie 2, 577, 580 (1896) , also D R P No 90308 (1896) 

^ Ber d deutsch chem Gesellsch 32, 74 (1899) 

® Ztschr f Elektrochemie 2, 580 (1893) 

^ D R P No 104664 (1898) 

® Ber d deutsch chem Gesellsch 32, 74 (1899) 
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Quinaldine (a-methylquinolinf^), according to the process of 
Ahrens/ can be converted into dihydroqumaldine; CioHioXH, 
and tetrahj^droquinaldme, C10H13N 

The nitroso- and nitro-derivatives of the pyridine and quin- 
oline senes have abeady been discussed (see p 192 ) . 

The coca-alkaloids j hke cocaine, atropine, etc , contain per- 
haps a combination of a pipenchne ring with a p^uTolidine ring. 
This combination is also expressed in their behavior in electroly- 
sis At present the following is knowm 

Atropine, C17H23NO3 — From the neutral sulphate of atro- 
pine crystallized atropine is gradually precipitated at the 
cathode, while at the anode carbon dioxide, carbon monoxide, 
oxygen, and nitrogen are evolved The acid sulphate behaves 
in a sinular manner, but the evolution of mtrogen was not ob- 
served (Bom'gom^) 

Atropine is decomposed by baryta water into tropic acid and 

Tropine. 

CH2-CH-CH2 

CH3N CHOH = C8Hi5NO. 

I I 

CH2-CH-CH2 

This substance, on electrolysis in alkaline and acid solution at 
lead electrodes, and at a low temperature, is converted into tro- 
pmone .3 

CH2-CH-CH2 

I 1 

CH3N CO 

I I 

CH3-CH-CH2. 


A good yield of this substance is obtained. Pseudotrofine 
behaves in the same manner. 


^ Ztschr f Elektrochemie 2, 580 (1896) 

2 Bull soc chim 12, 400 (1869) 

3 D R D No 118607 (1900) 



'220 electrochemistry of organic compounds. 


Tropinone. — This compound can inversely be easily reduced 
to pure tropine. The chem Fabrik vorm E. Schering^ 
employs as electrolyte an aqueous ammomacal ammonium sul- 
phate solution. 

E Merck, 2 by electrolysis of a slightly alkaline solution, ob- 
tains, besides tropine, pseudotr opine The yield is 50 per cent, 
of the tropinone employed 

Opium Bases. 

Opium. — If opium is subjected to the action of the electric 
current, morphine (Ci7Hi9NO(OH)2) goes to the cathode and 
mecomc acid (oxypyronedicarboxylic acid) to the anode 
(Lassaigne) ® 

Morphine, CiyHigNOs+HsO. — ^Pommerelme,^ by the elec- 
trolysis of a solution of morphme acidihed with sulphuric acid, 
obtained after a few days crystals of oxydimorphine sulphate at 
the anode The solution became dark-colored 

Codeine (methylmorphme) Ci7Hi7N0(0H)0 CHs — On 
electrolysis of the neutral sulphate hydrogen is evolved, codeine 
is precipitated, and the solution turns brown (Bourgom ®) 

The acid sulphate undergoes more complete decomposition, 
and carbon dioxide, carbon monoxide, oxygen, and nitrogen are 
split off 

Cotamine, C12H15NO4 — ^This compound is converted quanti- 
tatively by the electrolytic hydrogen mto pure hydrocotarmne 
:(Brandon and Wolffenstein ®) • 

Ci2Hi5N04 + 2H=Ci2Hi5N03+H20 

Hydrastinine, CnHisNOs, which does not, indeed, belong to 
the opium bases, may nevertheless be mentioned here This sub- 
stance is similarly converted into hydrohydrastimne, C11H13NO2. 


‘ D. R D No 96362 (1898) 

2 D R D No 115517 (1900) 

2 Tommasi, Trait 6 d’Electrochimie 788 (1889) 

* Arch Pharm 235, 364 (1897) 

® Bull soc chim 12, 400 (1869) 

®Ber d deutsch chem C^sellsch 31, 1577 (1898), D K P No 94949 
<1897) 
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Quina- and Strychnos Bases. 

Quinine, C20H24N2O2 — ^Although the neutral sulphate is a 
very poor conductor, the acid sulphate is readily decomposed 
into carbon dioxide, carbon monoxide, and mtrogen. The 
color of the solution changes to a dark brown 

Besides the last-named gases, the above-mentioned alkaloids 
split off various other products, principally complicated nitro- 
gen-containing compounds (Bourgom^) 

Pommerehne,^ by electrolysis of a sulphuric-acid quinine 
solution, obtained a green resinous mass, which is perhaps 
> identical with thalleioquin (’). 

Qmmne, cinchonine (C19H22N2O), and cinchomdine 
(C19H22N2O), on electrolysis at lead cathodes in a 50 % sul- 
phuric-acid solution, are converted into non-crystalhzable 
tetrahydro-bodies (Tafel and Naumann 

Strychnine, C21H22N2O2. — ^The neutral sulphate suffers but 
little change The solution becomes slightly colored, hydrogen 
and oxygen are given off, and crystals of strychnine collect at 
the cathode 

The acid sulphate behaves in a hke manner, except that in 
its case the formation of carbon dioxide and carbon monoxide, as 
well as oxygen and nitrogen, shows that a part of the substance 
undergoes complete decomposition. In strongly acid solutions 
the sphtting off of nitrogen does not occur (Bourgoin ^). 

Tafel and Naumann s have made more thorough mvestiga- 
tions regarding the electrolytic reduction of strychrune in strong 
sulphuric acid solution at lead cathodes. According to Tafel’s 
researches, strychnine is to be regarded as a cyclical acid anilide 
of the formula: 

/CO 

(C2oH220N)<| . 



^ Bull soc chim 12, 400 (1869) 

21 c 

2 Ber d deutsch chem. Gesellsch 34, 3299 (1901) 

* Bull soc chim 12,400 (1869) 

^Lieb Ann 301, 291 (1898); Ber d deutsch chem Gesellsch. 34 
3291 (1901) 
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The water-soluble tetrahydrostrychnine is first formed: 

/CH2OH 

(C2oH220N)< 

^NH 

which by further reduction is converted ink) strychnidine: 

' /CH2 

(C2oH220N)<; I 


The quantity of the former preponderates at a low temperature. 
On the other hand, the higher the temperature the greater the 
quantity of strychnidine formed. 

Brucine, C23H26N2O4. — A solution of the neutral sulphate 
turns red and the sulphate is decomposed. Hydrogen is evolved 
at the negative pole, but the brucine completely absorbs the 
oxygen at the positive pole (Bourgoin). 

The acid salt is very energetically decomposed, becommg 
first red and then brown At the anode carbomc-acid gas, 
carbon monoxide, oxygen, and mtrogen escape (Bourgoin i). 

Besides the gases mentioned, the above alkaloids break up 
into other products, principally complex compounds contaimng 
nitrogen 

According to Tafel’s and Naumann's^ investigations, 
brucine behaves like strychnine m so far as that by reduction 
under similar conditions tetrahydrobrucine is produced; how- 
ever, to obtain the crystalhne product the temperature must 
not exceed 15 °. But a body corresponding to strychnidine 
was not found among the products of the electrolytic reduction 
of brucine. 

If we give brucine the following formula (Moufang and 
Tafeis): 



U c 

n c. 

•Lieb Am 304, 24 (1898) 
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then tetrahydrobrucme has most probably the formula: 

/CH2OH 

[C2oH2o(OCH3)20HK 


Brucidine, corresponding to strychnidme, is formed from 
tetrahydrobrucme if this is heated to 200°, water being split 
off: 

/CH 2 

[C2oH2o(OCH3)20NK I . 


Morpholone. — Lees and Shedden^ have investigated the 
electrolytic reduction of pheno- and naphthomorpholones in 
sulphuric-acid solution Morphohnes are produced onl}’ as 
by-products, the morpholone ring being for the most part 
broken up 


Phenomorphiolone, C 6 H 4 <f 1 , 


gives as end-products of the reduction acetyl-o-aminophenol, 


C6H4< 


•OH 

NHCOCH 3 , 


also ethyl-o-aminophenol, 



OH 

NHCH 2 CH 3 , 


and also isoacetyl-o-aminophenol, 

/OH 

CflHX 

\N=C(0H)CH3. 


» Proceed Cbem. Soc 1», 132 (1903); Joum. Chem Soc. 83, 750 (1903) 
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n-Methylphenomorpholone, 


.0 


\CHa 


C6H4< 


\N. 

CHa 


•/CO 


^ives, besides n-acetylmetbyl-o-aminophenol, 

/OH 

CeHZ /COCHa, 

\N< 

^CHa 

and n-methylethyl-o-aminophenol, 

/OH 

CeHZ /CH2CH3, 

\N< 

^CHa 


also n-metbylphenomorplioline, 


.0 


C6H4\ 


XCHa 

I . 

./CHa 


XN- 
CHa 

n-Methyl-/?-naphthomorpholone gives 
amiao-/3-napbithol; , 

/OH 

CioH 6 < /CH2CH3, 
^CHa 

and n-methyl-^-naphthomorpholine: 

/^NCHa 
CioH6< I . 
Xjj/CHa 

CHa 


n-methylethyl-a- 
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10. The Camphor Group 

Camphor. This substance, as shown by the synthesis car- 
ried out by Romppa,^ has certainly the formula proposed by 
Bredt : 

CH3 

CHs C CO 

I 

CH3CCH3 

CHa CH CH2 


Being a ketone it can be reduced to the secondary alcohol 
borneol: 


CH3 

CHa C CH(OH) 

I 

CH3CCH3 

I I 

CH2 CH CH2 


This reduction has been carried out electrolytically by Tafel 
and Schmitz 2 in sulphuric-acid solution at mercury catnodes. 
They obtain thus about 45 per cent, of the theoretically possible 
yield, with a maximum current consumption of 38 per cent. 
At lead cathodes no satisfactory reduction can be effected. 
Camphoric Acid, 


CH3 

CH2 C 

CH3CCH3 
CH2 CH— 


•COOH 

-COOH 


is the oxidation product of camphor with nitric acid. 

Brown and Walker 3 also electroylzed (see p. 102) the 
sodium-ethyl salt of camphoric acid and obtained two esters 
-which they were able to separate by means of fractional dis- 

^ Ber d deutsch chem Gesellsch 36, 4332 (1903) 

2 Ztsclir f Elektrochemie 8, 288 (1902). 

*Lieb Ann 274, 71 (1893) 
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tiUation One of these (boiling-point 212 °- 213 °) on being 
saponified yielded an unsaturated monobasic acid, C9H14O2, 
campholytiG acid; the other having a higher boiling-point 
( 240 °- 242 °), was the neutral ester of a chabasic acid, C18H30O4, 
to which Walker gave the name of camphothetic acid These 
experiments are of great importance, because they prove the 
dibasic nature of camphoric acid, a fact which was doubted 
by Friedel 

Walker and Henderson ^ found, moreover, that upon 
electrolj'sis of concentrated aqueous solutions of the ethyl- 
potassium salt of allocamphonc acid there are formed as chief 
products the ethyl esters of a dibasic acid, Ci6H2s(COOH)2, 
and of a monobasic acid, CsHisCOOH* 


1 . 

2 


/COOC2H5 /COOC2H5 

2C8Hi4< =2C02+Ci6H28< 

^COO \COOC2H5 


/COOC2H5 /COOC2H5 

2C8Hi4< = C8Hi4< 

\C 00 ^COOH 

+ CO2 + CgHi 3COOC2HS. 


It has been found on further investigation 2 that besides the 
strongly dextrorotary unsaturated acid designated as allocam- 
pholyhc and, CsHisCOOH, an isomeric acid is formed which, 
although shghtly dextrorotary as obtained, is perhaps even 
Isevorotary in an entirely pure condition. The latter on being 
"heated to 200° sphts off carbon dioxide and yields a hydrocarbon, 
CgHu, which boils at 120-122° and appears to be identical with 
laurolene, 

CH2-CH 
I ^CCHa. 

CH 2 -C(CH 3)2 


made from camphoric acid. 

A ketonic acid, C8Hi30 COOH, melting-point 228 °, is also> 
found as an additional product of the electrolysis of potassium 


‘ Joum Chem Soo 67, 337 (1895). 
» Ibid 69, 748 (1897) 
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allocamphoric ethyl ester. The authors concluded from their 
observations that camphoric acid contains the group 


H 


H-G 


|\COOH 

-C-COOH, 


a deduction which had, of course, to be later modified 

According to later experiments of Walker and Cormack,^ it 
is possible to obtain isolauronolie acid by electrolyzmg the 
methyl-ester-potassium salt of camphoric acid 

/■COOCH3 /COOCH3 

2C8Hi 4< = CsHiZ +CO2 

^COO >COOH 

+CSH13COOCH3. 


The free optically inactive isolauronolie acid, 

CH2— CCOOH 

II 

CHsC 

I /CH3 

CH2— C< 

\CH3, 

was obtained from the latter ester The electrolytic reaction 
occurs hence in a normal direction 

Camphoric-acid imide, 


CH3 


CH2— C 

CH3CCH3 
CH2— CH— 



NH 


was reduced in sulphuric-acid solution at a prepared lead 
cathode The experiment was made by Tafel and Eckstein,^ 
in connection with their mvestigations concerning the electro- 


^ Proceed Chem Soc 16, 58 (1900) 

2 Ber d deutsch chem Gesellseh 31, 3274 (1901), see also DPP 
No 126198 (1900) 
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lytic reduction of succmimide (p 119). Just as succimmide; hy 
replacement of one of the two oxygen atoms by two hydrogen 
atoms, is converted mto pyrrolidone and, by complete elimina- 
tion of the oxygen, into pyrrolidme — although only to a very 
slight extent — ^so camphonc-acid imide gives two perfectly 
analogous products, camphidone and camphidine 

Camphidone occurs in two isomeiic modifications, separable 
m the form of the picrates, a-camphidone and ^-camphidone. 

CHs 

CH2-C COv 

I \ 

CH3CCH3 ^NH 
CHa-CH-CHs^ 


and 


CHs 

CHa— C-CH3 
CH3CCH3 
CHa— CH-CO" 


>NH. 


Which one of these is the a- and which the /J-camphidone 
remains undecided 
Camphidine, 

CHs 

CHa— C — CHa 
CH3CCH3 

I 

CHa- CH-CHa 

IS always produced besides camphidones, and can be readily 
separated from these, since it possesses a decidedly basic char- 
acter 

As the camphidones are extremely resistant towards further 
reduction, they form no intermediate phase in the camphidine 
formation We must suppose that only those acid-imide 
molecules, both of whose carboxylic groups are by accident 
simultaneously attacked by the reducing agent, are changed into 
camphidine Or, a carbinol-like mtermediate product, in 
which the second carboxyhc group — in contradistinction to 
that of camphidone — ^is electrolytically attackable, is already 
formed during the transition from camphonc-acid imide to the 
camphidone 
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11 Electrolysis of Blood and Albumen 

Blood.^ — ^The defibrinated blood of a dog was submitted to 
electrolysis by Becquerel He made use of platinum electrodes 
and a current furmshed by a battery of tliree Darnell cells. At 
the negative pole he observed the folio vong phenomena. 

The blood became brovm and alkahne; and contained 
neither white nor red corpuscles, it possessed the pioperty of 
gradually chssolving blood-corpuscles and had the odor of putrid 
meat 

At the positive pole undecomposed and partially decomposed 
blood-corpuscles "were present in large quantities The flmd 
gave a precipitate of albumen with mtric acid, mercuric chlo- 
ride and lead acetate. 

Albumen.^ — When an albumen solution was electrolyzed by 
Dumas and Prevost, under conchtions similar to those used by 
Becquerel for blood, the alkali metal went to the negative pole, 
hydrogen was evolved, and acetic and phosphoric acids appeared 
at the positive pole The result of tliis is that the albumen is 
coagulated at the negative pole (by the alkali present), while at 
the positive pole the solution remams clear 

As Lassaigne has shown, pure albumen in aqueous solution 
is a non-conductor of electricity; the addition of salts or acids 
IS therefore necessary in its electrolysis 

The Pharmaceutical Institute of L W Gans^of Frankfurt^ 
has made known a process for electrochemically preparing 
fluorine-substitution products of albumens The latter are 
suspended, or dissolved in a dilute aqueous solution of hydro- 
fluoric acid or salts of this acid, and subjected at a platinum 
electrode to the anode current action The discharged fluorme 
reacts with the albumen, forming substitution products. 


1 Tommasi, Trait4 d’Electrochimie 800 (1889), 
H c 

3D R, P. No 116881 (1898). 
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ELECTROLYSIS WITH ALTERNATING CURRENTS. 

If the polarity of the current is not allowed to change too 
rapidly, it is possible, since oxidation and reduction occur suc- 
cessively at each pole, to accomplish electrolyses with alternat- 
ing currents Experiments with this end in view have been 
made by Drechsel ^ Dehydration is a case of simultaneous 
reduction and oxidation The supposition that m living organ- 
isms carbamide is produced from ammonium cai bamate by the 
splitting off of water prompted Drechsel to make experiments in 
this direction When an aqueous solution of ammonium car- 
bamate is electrolyzed with a current from a battery of 4-6 
Grove cells, and platinum electrodes used, carbamide is obtained 
independently of the electrode material when alternating currents 
are employed The reactions are supposed to be either 

I NH3COONH4+ 0 =NH2C00NH2 + H20, 

II NH2COONH2 -f- 2H = NH2CONH2 + H2O, 
or 

I NH2C00NH4+2H = NH2C0NH4+H20, 

II NH2CO NH4+0 = NH2C0NH2+H20 

The observation that the platinum electrodes were strongly 
attacked, with the formation of platinum salts, caused Gerdes ^ 
to investigate the platinum bases As the principal product he 
found a compound to which he gave the following formula : 

/ONH3 /NHaNHsOv 
CO< [Pt< >00, 

\ONH3 •’ \NH3NH3CK 

^ Journ prakt Chem 22,476 (1880); Ber d deutsch chem Gesellsch 
13, 2436 (1880) 

^Joiirn prakt Chem 26, 257 (1882), see also Inaug-Dissert , Leipzig 
1882 
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and the chloride of which is said to have the composition 

ClNHsv /NH3NH3CI 

>Pt< PtCl4 + 2H20. 

CINH3/ \NH3NH3CF 


Gerdes also examined the nitrate and sulphate of this base 
In the course of further researches ^ Drechsel found that 
when alkaline solutions were used platinum was present m the 
electrolyzed fluid Copper when used as electrode showed a 
similar behavior; lead was less attacked, gold but very slightly, 
and palladium not at all 

The formation of phenylsulphunc acid in hving organ- 
isms is supposed, like carbamide, to be the result of deh 3 -dra- 
tion Taking this into consideration, Drechsel carried out the 
following experiment' 

A saturated solution of acid magnesium carbonate was mixed 
with an equal volume of a solution of magnesium sulphate and 
the mixture I was saturated with commercial carbolic acid 

When this solution was electrolyzed for thirty hours with 
alternating currents, using platinum electrodes, then the follow- 
ing products were obtained; 


1. 7 --Diphenol. 

2. Pyrocatechin. 

3 Hydroquinone. 

4 Phenylsulphuric acid 

5. Oxalic acid 

6. Formic acid. 


7. Succinic acid 

8 Malonic acid (?). 

9 n-Valeric acid (?) 

10. n-Butyric acid (?) 

11. Some cyclohexanone 

CeHioO 


According to Drechsel the formation of the phenol ester of 
sulphuric acid is probably represented by the following equa- 
tions: 

I. CeHsOH + HOSO3H + 0 = C6H5OOSO3H + H2O, 

II C6H500S03H + H2 = C6H50S03H + H20 

Later Drechsel ^ electrolyzed normal caproic acid with alter- 
nating currents The electrolytic solution contained, in a vol- 


* Joum prakt Chem 29, 229 (1884) 
= Ibid 34, 135 (1886) 
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•ume of 3 liters, 200 g of caproic acid as magnesium salt and 
was nearly saturated with acid magnesium carbonate Plati- 
num electrodes were used At the end of the experiment the 
following compounds could be identified in the solution * 

1 Valeric acid 5. Adipic acid 

2 Butyric acid 6 Oxycaproic acid. 

3 Oxalic acid. 7 Glutaric acid. 

4 Succinic acid 

In a still later research on the electrolysis of 'phenol with 
alternating currents Drechsel ^ detected phenylsulphuric acid, 
dioxybenzenes, a number of acids of the fatty acid series, and 
in addition to these an oil which he identified as hydropheno- 
ketone, 

CHs 

/x 

HaC C 0 

I I , 

HaC CHa 

X/ 

CHa 

and whose phenylhydrazme compound he was able to isolate. 
Drechsel regards hydrophenoketone as the origin of the 
fatty compounds formed By the direct addition of water to 
tills compound caproic acid results, and this then breaks up 
into the acids and other decomposition products mentioned 
above 

Some of the above acids have been mentioned as decompo- 
sition products of phenol in the investigation cited on the elec- 
trolysis of phenol 

‘Journ pract Chem 38, 65 (1S88) 
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ELECTRIC ENDOSMOSE 

By electric endosmose or cataphoresis is meant the often 
observed phenomenon of the migration or flow of a flmd, under 
the influence of potential differences, through the diaphragm 
separating the cathode and anode chambers This flow or trans- 
portation of flmd always occurs in a certain direction, either 
to the anode or to the cathode, depending upon the nature 
of the substances and the diaphragm, it has no connection 
with the electrical phenomena following Faraday’s laws If 
the rigid d aphragm is replaced by fine suspensions which act 
hke a movable diaphragm, the fluid remains at rest, but the 
suspended particles migrate, i e , are urged in the flmd towaids 
the electrode This directed movement depends undoubtedly 
upon a polar charge of the suspended particles contrary to that 
of the water. Since the orgamc colloids, like the colloid solutions 
of albumen, carbohydrates, hsemoglobm, mdigo, and of natural 
dyes, act as an extremely fine suspension, cataphoresis also 
possesses great importance for organic substances, as to their 
suspension, coagulation and sedimentation phenomena. The 
scientific treatment of this field has begun Bredig ^ mentions 
that the direction of albumen depends upon the chemical com- 
position of the fluid; for instance, whether the aqueous medium 
is alkaline or acid. 

Electric endosmose is of technical importance for the 
dehydration of organic, finely suspended substances contaming 
very much water, for example, the drying of peat, according 


^ Ztschr f Elektrochemie 9, 739 (1903) 
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to the experiments of Schwerin.^ The peat, at a tension of 
4 to 5 volts per centimeter peat layer, migrates to the anode 
and is deposited on the latter m a firm coat, while at the cathode 
the water becomes clear Aqueous dye-pastes behave simi- 
larly The techmcal purification of albumens by cataphoresis 
is also said to be feasible 

Another field m which cataphoresis, or the convective con- 
duction as the process is also called, has apparently already 
become of gfeat importance, is the tannmg mdustry 

If the skm to be tanned is brought between the cathode 
and anode m a dilute tannic-acid solution, a migration of the 
colloidally dissolved tannic acid takes place through the skin 
from the positive to the negative electrode. By a regular 
slow change of the current direction the tannic-acid solution 
can be pressed into the pores of the skin and thus a considerable 
saving in time is accomplished ^ 

Note — It has been known for a long time that many finely 
divided bodies suspended in water, as gold, copper, graphite, 
silica, feldspar, sulphur, lycopodium, etc , as well as minute drops 
of hquids, such as CS 2 and oil of turpentine, and bubbles of 
oxygen, marsh-gas, etc , show cataphoresis phenomena All 
these are urged m water towards the positive electrode, but in 
oil of turpentme the direction is reversed except m the case of 
particles of sulphur; the direction is also reversed for silica in 
carbon disulphide The earlier experiments along these lines on 
sohd particles contained m fluids of high resistance were made 
by Faraday, Jurgensen, Qumcke, etc — ^Translator. 

^ Ztschr f Elektrochemie 9, 739 (1903), D R P No 131932 (1901) 

^ S Foelsing, Jahrb d Elektrochemie 2, 269 (1895) 



PART II. 


ELECTROTHERMIC PROCESSES AND THE SILENT 
ELECTRIC DISCHARGE. 


CHAPTER I 

THEORETICS AND METHODICS. 

1 Theoretics 

Accordin'G to Ohm’s law the strength or intensity of the 
electric current, ie the quantity of electricity which is con- 
ducted by an electric conductor or a system of conductors 
in a given time, is directly proportional to the effective electro- 
motive force, and inversely proportional to the resistance 
of the current field: 

e 

w 

where i is the current strength, e the electromotive force or 
the tension, and w the resistance The work which elec- 
trical energy can perform in a current field is expressed by 
the product of the electromotive force existing in this field 
and the current strength 

A = e i, 

where A denotes the work to be done 

Substances are known which interpose a more or less strong 
resistance to the passage of the current, and such whose resist- 
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ance is so great that practically no passage of the current 
takes place. The former are called conductors of electricity, 
the latter non-conductors or insulators The conductors 
themselves are in turn again subdivided into two sharply 
defined classes, those which conduct the current without 
being materially changed, i e the passage of electricity pro- 
duces no change m the chemical composition of the substance, 
and those — presenting a remarkable contrast to the former — 
in which the passage of electricity results in the chemical 
decomposition of the substance of the conductor at points 
where the electric current enters and leaves the body, i e 
changes of the substance occur To the former class of con- 
ductors belong all metals and carbon, the conductors of the 
first class, to the latter the bases, acids, and salts in solution, 
particularly aqueous solution, or in a molten, and also, under 
certain conditions, in a sohd,^ state They form conductors 
of the second class, or electrolytes 

Ohm’s law is equally applicable to both classes The 
work which the current can do, however, depends upon the 
nature of the conductor. If the circuit is completely metallic 
and closed, the total electric energy can be converted into 
heat, but if the circuit contains an electrolyte, a large part 
•of the electric energy is used up in the production of chemical 
and physical effects which occur when the circuit is closed 
To determine m a simple way the connection of the electric 
■energy with the calorific energy caused by it, an electric cir- 
cmt can be closed by a metallic wire placed in a calorimetei, 
and the current measured calorifically by the heat effects 
produced by the different electromotive forces and intensi- 
ties The result of such measurements is the equivalence of 
the heat occurring in the conductor with the electric encrgi', 
hence with the product of electromotive force into the electric 
quantity 

Q—kei,, 

where Q denotes the heat generated in the wire. The factor k 
is the electrical equivalent of heat, which permits a numerical 
^ See Nemst, on “solid electrolytes,” Zeit f Blektrochemie 6, 41-43 (1899) 
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comparison of the two forms of energy It follows, that 
0 239 cal == 1 volt X 1 coulomb. 

If we introduce from Ohm's law the factor %w for the elec- 
tromotive force e, then 

Q = k 

The amount of heat generated in a given time varies directly 
as the product of the resistance of the conductor into the 
square of the current strength This relation is called Joule's ^ 
laWj named after its discoverer. The heat which is thus deiived 
only from the current quantities, but not fi om chemical changes, 
is also called Joule's heat 

If, besides the metalhc connections, an electrolyte is included 
in the closed circuit, a part of the electric energy is used up 
in chemical work The electrical energy is then transformed 
in various ways, — in all parts of the current field heat is 
developed proportional to the resistance of each separate 
part and the scjuare of the current strength, but chemical 
work and material changes and disarrangements in the elec- 
trolyte are also accomplished 

In utilizing the heat produced by the current for reactions of 
orgamc bodies, only those systems are taken into account in 
which the current, by forming a spark discharge or luminous 
arc, is forced either to pass through gases or vapors with high 
resistance, or to heat wires or filaments to high temperatures. 
While the extremely high temperatures, which can be attained 
by means of the voltaic arc m the electric furnace, have through 
Moissan's investigations become of great importance for mineral 
chemistry, it is a peculiarity of organic substances, whose con- 
ditions of existence, with few exceptions, are connected with 
relatively low temperatures, and are mostly quite sensitive, 
that the methods applicable here must allow a fuller scope in 
temperature than is accorded by the spark discharge or luminous 
arc. Ruhmkorff 's coils, and less often frictional electric machmes, 


1 Phil May 19, 260 (1841) 
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are usually employed for giving sparks. The resistance fur- 
naces, m which a tube of carbon is heated by the current, seem 
more suited for carrymg out p3n’0genic reactions of carbon com- 
pounds. Both heating methods have already been used Lep- 
sius 1 has employed the lummous arc for decomposing gases and 
demonstratmg volumetric proportions, also for preparing water 
gas. Bredig^ made some qualitative tests on the behavior of 
separate organic flmds towards the lummous arc, while Hofmann 
and Buff ® have also investigated the effect of electrically incan- 
descent platinum and iron wires on some gases and vapors. 
Legler,^ in his experiments on the incomplete combustion of 
ether, also employed electrically heated platinum Moreover, 
Haber,® by making the heated conductor (of platinum, plati- 
num-iridium, or carbon) tube-shaped and conducting the cur- 
rent of gas through the hollow centre m which was placed a 
glass or porcelain tube, perfected the principle of resistance 
ovens for the chemical investigations of gases But these m- 
vestigations did not lead to an extensive use of these electrical 
methods for obtaining pyrogenic reactions with organic bodies 
Most of the material of such reactions has so far been collected 
with the spark discharge between metalhc electrodes, of late 
years numerous experime&ts on the pyrogemc reactions of or- 
ganic bodies have been undertaken with electrically incandes-, 
cent wires or filaments. 

2 The Reaction Temperatuees 

Before taking up the subject of the individual results, some 
remarks on the attainable temperatures, the possibility of their 
variation, their measurement and calculation will be made. 

No very accuiate measurements of the temperatures occur- 
ring in the spark discharged are available, great difficulties 


‘ Ber d deutsch chem Oesellsch 23, 1418, 1637, 1642 (1890) 

* Ztschr f Elektrochemie 4, 514 (1898) 

* I;ieb Ann. 113, 129 (1860) 

*Ibid. 217, 381 (1883), Ber d deutsch. chem Gesellsch 18, 3350 (1885) 
' Expenmental Investigations on the Decomposition and Combustion 
of Hydrocarbons (Munich, 1896) 43 
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being encountered in their determination Calorific methods 
are best suited for investigating the temperature of the lumi- 
nous arc, or the radiant energy is employed for learnmg the 
temperature. In the latter case a bolometer or photometer 
IS used. 

According to VioUe,^ the temperature of the positive car- 
bon point and of the carbon pai tides in the voltaic arc equals 
the evaporation temperature of carbon This was determined by 
breaking off the incandescent tip of the carbon and dropping it 
into a calorimeter One gram carbon requires 1600 cal to heat 
it from 0° up to its evaporation temperature. As 300 cal. are 
necessary to heat it from 0° to 1000°, 1300 cal. remain for raising 
the temperature from 1000° to x°, if x is the evaporation tem- 
perature of carbon. If we take the specific heat of carbon 
at 0 52, then 1300 cal. represent 2500° more, so that the evapo- 
ration temperature of carbon, x, and the hottest parts of the 
luminous arc, equal 3500° ^ 

Langley, Paschen, Violle, and Le Chatelier^ sought to 
determine the temperature of the heated body by means of 
the radiant intensity. 

The use of the thermopile in the form of Le Chateher’s® 
platinum, platinum-ihodium thermocouple, a so-called pyrom- 
eter, has obtained especial importance. This can be used to 
measure temperatures up to 1700° ^ The electromotive force is 
measured either by one of the well-known methods, or else direct 
reading precision-voltmeters (or galvanometers), whose scales are 
divided both mto miUivolts and into the corresponding degrees 
Celsius or Fahrenheit, are employed The determination of the 


iCompt rend 115 , 1273 (1892), 119 , 949 (1894) 

2 Barus, Die physik Behan dlung und die Messung hoher Temperaturen, 
Leipzig, 1892, also Bredig, Uber die Chemie der extremen Temperaturen, 
Leipzig, 1901 

^ Le Chatelier et Boudouard, Mesure des temperatures eievees, Paris, 
1900 Le Chatelier, Compt rend 114, 470 (1892) etc Holborn u Wien 
Ann 56 , 360 (1895) , 59 , 213 (1896) ; Holborn u Day, Wied Ann G8, 820 
(1899), etc 

^ Wanner's Optical Pyrometer indicates up to 4000° C See Joum Am 
Chem Soc , 1904 
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temperature from the electromotive force is based upon the 
fact that on heatmg the joint where the platinum wire is fused 
to the platinum-rhodium wire, an electromotive force of about 
one milhvolt for every 100° C is produced. The ratio of the 
electromotive force to the temperature of the fused joint 
is accurately determined by the Physilc-tech Reichsanstalt, 
and the result accompanies the calibrated pyrometer. The 
data always refer to an ariangement whereby the connections 
between the thermocouple and the conducting wires are at 0°, 
while the fused joint of the couple is placed in the space 
whose temperature is to be measured. 

The resistance thermometer i is extremely convenient for 
measuring wide ranges of temperature The electric resistance 
of pure metals increases with the temperature about 0 4% 
per degree (C ) , but the temperature coefficient for different 
metals and also for different temperature intervals is by no 
means constant^ If the temperature coefficient is known, 
for accurate purposes the resistance during the experiment 
can be measured with a Wheatstone bridge; for less accurate 
measurements it will often be sufficient to determme the ten- 
sion of the incandescent wire and the intensity in the current 
circuit, and to calculate the resistance according to Ohm’s 
law. Care must, however, be taken that the conducting wires 
connected with the wire whose temperature is being inves- 
tigated are practically without resistance For showing the 
dependence of the resistance upon the temperature an equa- 
tion of the following form usually suffices: 


or 


t=a+Pw+pj:P. 


The values a, b, and c, or a, /?, and r are given in the tables. 
Pyrogenic reactions, whose course remains the same within 


‘ Holbom and Wien, Wied Ann 66, 383 (1895); 69, 213 (1896) Cal- 
lendar, Phil Mag 32, 104 (1891) 

* Landolt-Bomstem, Physik -Chemische Tabellen. 
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larger temperatxire intervals, permit of a further simplification, 
naturally at the cost of accuracy If we make 

in which the range of the respective temperature must be con- 
sidered in the choice of a, then 

” a XDo ‘ 

a is for iron about 0 0045, for mckel 0 0036, for platinum 
0 0033, and for platinum-indium (20% iridium) 0 00105, all 
metals in wire shape This approximate determination is 
convenient, even if pyrogenic reactions are brought about by 
the wire itself, whereby an accurate determination of reaction 
temperature often becomes illusory for the most various reasons ^ 

3 Arrangements 

Little can be said about the arrangements to be chosen for 
the pyrogenic reactions of organic boches Both the spark 
discharge and the luminous arc can be produced in fluids or 
molten substances. Lob,^ in decompositions with the luminous 
arc, employed a small flask with three tubulures, about the 
shape and size of the boiling-vessel employed in Beckmann^s 
method for determining molecular weights. Each of the two 
side tubes of equal dimensions supports a thin carbon rod 
passed through the perforation of a tightly fitting stopper, 
so that the electrodes in the inside of the vessel are at an angle 
to one another. The centre tubulure supports a return con- 
denser to which is attached an arrangement for collecting the 
generated gases By regulating the volume of the liquid in 
the decomposition flask the lummous arc can at will be pro- 
duced in the liquid or its vapor. In the latter case the sub- 
stance is heated to boiling and the circuit closed as soon as the 
air in the apparatus is displaced by the vapor. 

^ Lob, Ztschr, f Elektrochemie 7, 903 (1901) 

^Ber d deutsch chem Gesellsch 34,915 (1901) 
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The degree of decomposition by the voltaic arc depends 
of comse, to a great extent upon the chemical nature of the 
hquids and vapors in which the luminous arc is produced- 
While ether, methyl alcohol, ethyl alcohol, glacial acetic acid, 
and other aliphatic fluids and their vapors are subject to decom- 
positions with very trifling charring, and give products which are 
chemically closely related to the products started with, benzene, 
toluene, nitrobenzene, amline, naphthalene, phenol, and other 
members of the aromatic series are, destroyed, and considerable 
charring results. 

For this reason the method worked out and employed by 
Lob,^ replacing the luminous arc by metallic and carbon re- 
sistances, proves in general to 
be more suitable for the pur- 
pose of obtainmg pyrogenic re- 
actions of organic substances 
A round flask with a long 
neck is closed with a thrice- 
perforated stopper Two small 
glass tubes with strong platinum 
hooks sealed in the lower ends 
are passed through the two side 
perforations; a little mercury 
form's the connection between 
the hooks and the conductmg 
wires leadmg in Or, strong 
wires bent into hooks at one end 

Fig 8 — ^Electropyrogemzer are directly stuck through the 

stopper, which can be done with- 
out inj'uring the tight fit. The incandescent wire, a metallic wire 
of about 0 2 mm. diameter, is fastened to the hooks by wrapping 
it around or hooking it on. A return condenser is placed in 
the centre perforation. Lob, when making decompositions in a 
perfectly air-tight apparatus and under diminished pressure, 
replaces the stopper by a ground-glass stopper in which the 



* Lob, Ztschr f Elektrochemie 7, 904 (1901); 10, 605 (1904) 
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small tubes with platmum hooks are sealed in. The return 
condenser, which serves as an internal cooling apparatus, 
is attached to the side, another glass tube sealed in the wall 
of the flask (not shown m the figure) serves for admitting air, 
or for the passage of other gases for special purposes (see 
Fig. 8). This apparatus is particularly adapted for pyrogenic 
reactions of high-boilmg substances in a partial vacuum The 
substance is placed in the round bulb Direct heating converts 
it into vapor, which, after the air has been removed, is per- 
manently m contact with the incandescent wire. 



CHAPTER II. 

THE SPARK DISCHARGE AND THE VOLTAIC ARC. 

1 The Spabk Discharge 

It is well known that most of the gaseous hydrocarbons of 
the aliphatic series when exploded with an excess of oxygen are 
converted into the end-products of combustion, carbonic acid 
and water This fact is made use of m quantitative gas analysis 
The combustion is often not complete; intermediate products 
can be obtained if we start with hydrocarbon derivatives instead 
of the hydrocarbons themselves 

Berthelot gave a comprehensive exposition of the results 
known at that time on the effect of the spark discharge upon 
the formation and decomposition of carbonic acid and hydro- 
carbons and the herewith occurring equihbrium phenomena 
(Berthelot, Essai de M6canique Chimique II, 336-362, Paris, 
1879). 

Methane. — The induction sparks decompose this substance 
into carbon and hydrogen (Hofmann i and Buff), which fact 
Dalton had already observed 

Berthelot^ obtained hydrogen, carbon and acetylene. If 
the latter is continually gotten nd of, the greater part of methane 
can be converted into acetylene, otherwise the latter is decom- 
posed and changed m a complex manner 

Methane is also produced by the reaction of carbon monoxide 
with hydrogen under the influence of the induction spark 

‘ Lieb Arm 113, 129 (1860) 

*Ibid 123, 211 (1862) 
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(Brodie i), a fact which explains the formation of hydrocyanic 
acid from carbon monoxide, hydrogen, and nitrogen, as will 
be mentioned further on 

Ethylene is decomposed by the spark discharge into its 
elements (Dalton, Hofmann, and Buff 2) According to Wdde,^ 
acetylene is first formed, and is then decomposed into its 
elements Besides, accoiding to Thenard and Berthelot,^ a 
fluid and solid product are produced 

W. G Mixter ^ has recently investigated the combustion 
phenomena of several hydrocarbons by means of a weak electric 
spark discharge, and has proven among other things that 
ethylene can also yield acetic acid besides carbomc acid The 
pressure under which the gases react is important for the course 
of the experiment Mixter sought to determine the relative 
reaction velocities as compared with that of an oxj^hydrogen 
imxture, under equal conditions 

Acrolein, CH2.CH CHO, according to E. von Meyer,® is 
formed when ethylene with an excess of oxj^gen is exploded in 
a eudiometer 

Formic Acid. — ^Wilde ^ foimd that the action of the electric 
spark on gaseous mixtures of oxygen and alcohol, hydrogen and 
carbon dioxide, and methane and carbon dioxide, produced 
formic acid In the first and last mentioned of these mixtures 
acetic ac'id is also formed 

Acetylene. — The spark acts, as already mentioned, by 
reason of its high temperature wliich, according to Berthelot,® is 
sufficient to produce acetylene from a mixture of carbon disul- 
phide and hydrogen, sulphur being precipitated. 


’ Lieb Ann 169, 270 (1873) 

2 Ibid 113, 129 (1860) 

3 Ztschr f Chemie 2, 735 (1866) 

^ Trait4 de M^camque chimique II, 350 (1879) 

® Ann Jonm of Sc [4] 4, 51 (1897), Joum Chem Soc 73, 246 (1898), 
Proceed Chem Soc 39 (ISOS') 

® Journ f prakt Chemie [2] 10, 113 (1874) 

^ Bull soc chim [2] 5, 267 (1866) 

8 Tommasi Traits d’Electrochimie 715 (1879)^ 
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Hydrocyanic Acid. — Berthelot^ obtained this substance 
by passing the electric spark through a mixture of acetylene and 
nitrogen. The acid is in fact frequently produced in far- 
reaching decompositions by the electric spark; thus from a 
mixture of ethylene or amhne vapor with nitiogen (Berthelot i), 
from a imxture of acetylene with nitric oxide (Huntington 2 ) ^ 
ammonia with benzene, or ether and nitrogen (Perkin 3) ^ etc. 
The reactions are also in a certain sense reversible. Hydrocyanic 
acid is readily split up by the current (Gay-Lussac ^), and in the 
presence of hydrogen (Berthelot ®), into acetylene and nitrogen. 

The union of acetylene and mtrogen to hydrocyanic acid 
takes place rather smoothly if the easy decomposability of 
acetylene is lessened by dilution with hydrogen, as was already 
done by Berthelot ® His experiments were recently again 
taken up by Gruszkiewicz The electrodes were blackened by 
a deposition of carbon except with a maximum content of 
acetylene of 5 per cent, by volume (composition of tne gas 
mixture : 5 per cent, acetylene, 5 per cent, nitrogen and 90 per 
cent hydrogen). 

Gruszkiewicz obtained better results by using a mixture of 
carbon monoxide, hydrogen, and nitrogen He found that the 
proportion of the components was essentially decisive for the 
yield and the reaction velocity. A mixture approximately cor- 
respondmg in composition to that of water gas, Dowson gas, 
generator gas, etc , gave encouraging results. Thus, if 3 liters 
of a gas mixture of 54 62 per cent CO, 24 88 per cent. N 2 , and 
20 50 per cent H 2 were permitted to flow for an hour through 
the space through which the sparks were discharged, then about 
12 cc. hydrocyanic acid were obtained Carbon dioxide, like 
carbon monoxide, is reduced by hydrogen in the spark dis- 


^ Bull soc chim [2] 13, 107 (1869), 

2 D R P No 93852 (1895) 

® Jahresb f Chemie 399 (1870) 

*Aiin chim phys 78,245 (1811), Gilberts Ann 1811. 
® Bull soc chim [2] 13, 107 (1869) 

* Trait4 de M4canique chimique II, 355 (1879) 

’ Ztschr. f Elektrochemie 9, 83 (1903) 
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charge, and changed, by uniting with nitrogen, into hydrocyamc 
acid The reaction can be shown in the equation, 

2 CO +3H2 +N2 = 2 HCN + 2 H 20 ,- 
or, 2C0+6H2=2CH4+2H20 

2CH4+N2=2HCN+3H2. 

Cyanogen shows the same easy decomposability as hydro- 
cyanic acid Both Berthelot ^ and Hofmann and Buff ^ ob- 
served that cyanogen was decomposed into its elements by the 
action of the electric spark. The least trace of water in the 
gas caused the formation of hydrocyanic acid and acetylene. 

The observation of Morrens,^ who claimed to have obtained 
cyanogen in an atmosphere of nitrogen by passing the induction 
spark between two carbon electrodes, is therefore incorrect 
The decomposition of cyanogen by the action of the electric 
spark has, moreover, been noted by Davy, and by Andrews 
and Tait.'^ 

Ethyl Alcohol. — ^In an atmosphere of ethyl-alcohol vapors, 
M. Quet ® and Perrot ® obtained, besides some carbon, a sub- 
stance which exploded on being heated, the chemical nature of 
which they were unable to determine. The liquid became acid 
but Perrot found that no water was formed in the decomposi- 
tion of the alcohol; he was also unable to prove the presence 
of carbonic acid gas. Melly and Lommel * made similar ex- 
periments, the latter employed a Holtz machine. The gas 
escaping in the decomposition of the alcohol probably contains 
acetylene and ethylene. 

Ethyl Ether. — ^According to Wilde’s® experiments, ethyl 
ether, under reduced pressure, also yields ethylene besides other 

* Compt rend 82, 1360 (1876) 

2 Lieb Ann 113, 129 (1860). 

’ Compt rend 48, 342 (1859) 

' < Joum Chom Soc 13, 344 (1861) 

' Compt rend 46, 903 (1858) 

» Ibid 46. 180 (1858), 47, 351 (1859) 

’ Tommasi, Trait6 d’ElectrocMmie, 724 (1879) 

* Ibid, 725 (1879) 

'Ztscbr f Chemie 2, 735 ('1866'' 
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gases, and a deposition of carbon. Truchot ^ observed methane 
and hydrogen besides the ethylene Perrot,^ by the action of 
bromme upon the gases obtained by the action of the electric 
spark, was able to isolate a liquid, CsHsBrs, boiling at 135°- 
140°, and isomeric with tribromhydrin. Klobukow,^ by heat- 
ing ether vapor to 250°-300° and passing the spark through 
the latter, obtained carbon monoxide, hydrogen, methane, ethyl- 
ene, and acetylene 

Acetone. — Wilde * mvestigated the action of the electric 
spark on acetone vapor m a Torricelh vacuum Acetylene was 
formed m the gas mixture and carbon was deposited on the 
sides of the vessel 

Formic Acid, on the contrary, does not yield acetylene 
(Wilde) Nor could he prove the presence of this gas m the 
decomposition of acetic acid. 

Methylamine. — The electric spark, when passed through 
methylamme vapor by Hofmann and Buff,® gave primarily hydro- 
gen and methylamine hydrocyanide, further action broughtabout 
complete decomposition, tarry substances bemg deposited 

Trimethylamine was investigated by the same authors. It 
also is completely broken up, tarry products being formed. 

Ethylamine. — Hofmann and Buff obtained tar-like products 
and a non-alkaline gas havmg an odor hke that of ethyl cyanide. 

The experiments carried out on the behavior of compounds 
of the aromatic series when subjected to the electric spark have 
so far given very few results 

Benzene. — ^Destrem® mvestigated the action of the induc- 
tion spark between two platmum points on benzene, and ob- 
tained a gas mixture of acetylene and hydrogen, while the liquid 
contained diphenyl and a crystalline substance which was not 
closely investigated Benzene vapor, under reduced pressure, 

‘ Compt rend 84, 714 (1877) 

’ Ibid 46, 180 (1858) 

“ Journ. f prakt chemie [2] 34, 126 (1886) 

* Bull soc chim [2] 5, 267 (1866) 

‘ Lieb Ann 113, 129 (1860) 

• Bull soc chim 42, 267 (1884) 
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is decomposed by the electric spark, likewise producing acetyl- 
ene (Wilde 2). 

Toluene. — Destrem^ obtained from toluene, as from ben- 
zene, acetylene, and hydrogen. The hquid contained, besides 
diphenyl, a sohd substance which was not further investi- 
gated. 

Naphthalene. — ^Wilde ^ also investigated the behavior of 
naphthalene vapor under reduced pressure when subjected to- 
the action of the induction spark. He obtained a gas nuxture 
containing acetylene. 

Aniline. — Destrem^ investigated the action of the electric 
spark from an induction apparatus on aniline vapor, and 
observed a decomposition into acetylene, hydrogen, hydro- 
C3’anic acid, and nitrogen. 

Pyrogenic reactions of organic compounds with the '^electric 
flame,” (flaming discharge) as produced at a lower tension and 
higher intensity than required for the production of the spark 
(at about 2000-4000 volts and 0.05-0 15 amp ) have not yet 
been carried out. 

According to the investigations of W. Muthmann and H. 
Hofer,^ interesting results are also to be expected in its appli- 
cation to organic compounds. 

2 The Voltaic Arc, 

As already mentioned in the introduction, the enormously 
high temperature of the luminous arc is only apphcable in 
certain cases to orgamc compounds 

Several reactions have, however, become of fundamental, 
theoretical and practical importance; for instance, Berthelot's 
acetylene synthesis, the preparation of carbides, and some 
other processes. 

1 Bull soc chim 42. 267 (1884) 

2 Ibid 5, 267 (1866) 

® 1 c , see also Jahresb f Chem 272 (1884) 

* Ber d deutsch chem Gesellsch 36, 438 (1903). 



250 electrochemistry of organic compounds 


Acetylene. — Berthelot^ showed that carbon and hydrogen 
combined to acetylene on passing the voltaic arc over carbon 
points in an atmosphere of hydrogen. The synthesis of acety- 
lene from its elements first made possible the complete syn- 
thesis of a whole series of organic compounds. Acetylene, as 
is well known, is produced by the decomposition of many 
organic compounds at high temperatures Bredig ^ thus 
obtained acetylene, besides other hydrocarbons, when he pro- 
duced the luminous arc in liquid petroleum. 

The Metal Carbides. — These are of great technical and scien- 
tific importance. They have been repeatedly and thoroughly 
described, hence a reference to various works upon this subject 
will suffice here.^ 

Bolton^ succeeded in combimng chlorine and carbon. He 
employed the voltaic arc betweep carbon electrodes in an at- 
mosphere of chlorme. Perehlorethane is principally produced, 
hexachlorbenzene is formed in lesser quantity As both of these 
chlor-hydrocarbons are produced by the complete chlorination 
of carbon tetrachloride, Bolton assumes their intermediate 
existence; the intermediate occurrence of gaseous or fluid 
compounds hke perchlorethylene does not seem improbable. 
Bromine and iodme appear to react analogously (Bolton 4); 
experiments with the latter halogens yet await a scientific 
treatment. They would undoubtedly prove remunerative. 

Lob ® has made several other decompositions by means of 
the voltaic arc between carbon points. These were carried out 
with the following vapors and hqmds; 

Methyl Alcohol yields formic acid, and also about 39 per cent, 
methane, 45 per cent hydrogen, small quantities of carbonic 


‘ Ann chiin ph.ys [4] 13, 143 (1868) ; see also Bertbelot Essai de M4- 
canique Chimique II, 332-336 (1879) 

^ Ztschr f Elektrochemie 4, 514 (1898) 

®Moissan, The Electnc Furnace, Ahrens: Die Metallkarbide (Sammlung 
chemisch-technischer Vortrage), Stuttgart, 1896, Haber" Grundnss dor tech- 
nischer Elektrochemie, Munchen und Leipzig, 1898 See also, “ Recent liter- 
ature on carbides,” Joum Am Chem Soc 1904, p 200 — ^Trans 

* Ztschr f Elektrochemie 8, 165 (1902), 2()9 (1903). 

* Her d deutsch. chem Gesellsoh 34, 915 (1901). 
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acid, carbon monoxide, and acetylene. Formaldehj^de is not 
formed 

Glacial Acetic Acid yields about 35 per cent carbon monoxide,. 
26 per cent, hydrogen, 15 5 per cent, carbonic acid, and 12 per 
cent saturated and 7 per cent, unsaturated hydrocarbons. 

Benzene. — The benzene is colored brown and is considerably 
charred, no substance could be isolated from the hquid. The 
escaping gas consists of 86-90 per cent hydiogen as well as 
small quantities of saturated and unsaturated hydrocarbons. 

Naphthalene likewise yields chiefly hydrogen, the residue 
being greatly charred. 

Cyanogen is completely decomposed by the voltaic arc, as 
shown by Hofmann and Buff.^ 

Cyanides. — The attempts to prepare cyanides by the direct 
or indirect umon of nitrogen and carbon must be mentioned 
here, they are of importance particularly for the problem of 
utilizing atmospheric nitrogen Since the reactions take place 
at a high teriiperature, we can also make use of electrically pro- 
duced heat, as suggested by Readmann;^ but in Ins process — 
a mixture of oxides or carbonates of alkalies, or earthy alkalies,, 
with carbon is heated in the voltaic arc between two carbon 
points in the presence of nitrogen — electrolysis occurs as an 
important factor. The conditions are similar in his attempts^ 
undertaken with Gilmour,^ to prepare potassium ferrocyanide. 

1 Lieb Ann 113, 129 (1860) 

2 Eng Pat No 6621 (1894). 

3 Eng Pat No. 24116 (1892). 



CHAPTER III. 


THE UTILIZATION OF CURRENT HEAT IN SOLID 
CONDUCTORS. 

Methane. — Davy decomposed methane with an electrically 
incandescent platinum wire into carbon and hydrogen, an 
effect which was also later obtamed by Hofmann and Buffi 
with an electrically incandescent iron spiral 

Ethylene, according to the last named investigators, i like- 
wise breaks down, under similar conditions, into its elements 
Cyanogen. — Cyanogen also is completely split up by an 
incandescent iron wire into carbon and nitrogen 

Haber ^ has made some experiments regarding the decompo- 
sition of several hydrocarbons in the electric furnace The gas 
current was conducted through a glass or porcelain tube which 
was placed in an electrically heated tube of platinum, platinum- 
iridium, or carbon 

Hexane. — No considerable decomposition of hexane vapor 
occurs at about 600°, at 800°-940°, however, there were pro- 
duced the following percentages of gases, based on 100 per cent, 
of the vaporized hydrocarbon: 

Methane . 27 77% 

Olefines (ethylene) ... 22.14% 

Acetylene . . 1.00% 

Hydrogen ...... 2 44% 

Benzene .... . . 6 76-10% 

Carbon . . 3.27% 

Tar ' . 29 22% 

> Lieb Ann 113, 129 (1860) 

2 Expenmental-XJntersuchungen uber Zersetzung urxd Verbreimung von 
Kohlenwasserstoffen, 43-77 Munich (1896) 
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At a still higher temperature hexane is for the greater part 
converted into its elements 

Trimethylethylene is split up at 930°-940° in the following 
maimer. From 100 per cent of material started with there 
were obtained 

Methane .. 27.72% 

Ethylene 8 10% 

Hydrogen . 1 76% 

Gaseous by-products . . 4 46% 

Acetylene 0 30% 

Carbon . 5 09% 

Benzene . 8 00-13 41% 

Tar 33 71-39 12% 

The above figures represent percentages by weight At 
1000° trimethylethylene is also extensively decomposed 

Ethyl Ether. — For obtaining a slow combustion of the ether, 
Legler ^ passed a mixture of ether vapor and air over an elec- 
trically incandescent platinum wire and obtained a mixtuie 
of formic acid, acetic acid, formaldehyde, acetaldehyde, and 
hexaoxymethylene peroxide (CH 20)603 + 3H20 

Lob has recently carried out a great number of pyrogenic 
reactions and syntheses, employing the already described 
arrangement (p 242) with electrically incandescent metallic 
wires and carbon filaments 

Methyl Alcohol.^ — On employing a cherry-red incandescent 
iron wire, this substance yielded, besides formic acid and a 
little trioxymethylene, a gas mixture containing about 72 
per cent hydrogen, 20 per cent carbon monoxide, 6 5 per cent, 
methane, and traces of carbon dioxide The figures represent 
percentages by volume, the same as below 

Chloroform.3 — This compound, when brought into contact 
with an incandescent wire of iron, nickel, platinum, or platmum- 
iridium heated to 850°-950°, is decomposed, there being formed 
perchlorbenzene (10%), perchl orethane (12%), and perchlor- 

^ Ber d deutsch chem Gesellsch 18, 3350 (1885) 

2 Ibid 34, 917 (1901) 

3 Ztschr f Elektrochemie 7, 903 (1901) 
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ethylene (30%) The figures refer to percentages by volume 
based on the original material Much hydrochloric acid is 
also produced, and, after the passage of the gases through 
water, a small quantity of carbon monoxide If a mixture of 
chloroform with water is subjected to a similar pyrogenic decom- 
position, a good deal of carbon monoxide is evolved Its 
formation is to be explained by the intermediate presence of 
dichlormethylene 

Chloroform and Anilined — The vapors of these two sub- 
stances, blown with steam against the incandescent metalHc 
wire, unite chiefly to triphenylguanidine, while decomposition 
products of chloroform alone, perchlorbenzene, perchlorethane 
and perchlorethylene, are present in considerably smaller quan- 
tities The formation of triphenylguanidine is easily under- 
stood by supposing that dichlormethylene is intermechately 
produced Phenyhsocyanide is primarily formed from this 
substance and aniline, the isocyamde immediately takes up 
chlorine, which is derived from the accompanying process, 
3 C 2 CI 4 =*C6Cl6 + 3 CI 2 , and unites further with the excess of aniline 
to triphenylguanidine ■ 

I C6H5NH2+CCl2=C6H5NC+2HCl. 

II CeHsNC+Cla^CsHsNCCla 

III. CeHsNCCla + 2 C 6 H 5 NH 2 =C6H5NC(HNC6H5)2 +2HCI 

On the basis of these experiments Lob arranges the follow- 
ing scheme for the pyrogemc chloroform decomposition, which 
affords a complete expression of all the observed phenomena: 


CCI3H- 


.CCI 2 +HCI 

i 


i 

CCl 

III 

CCl 

i 

CeCle. 


C2CI6 


+ CI2 


^ Ztschr f Blektrochemie 7 , 903 (1901) 
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The arrows show the direction and the possible reversibihty 
of the reactions, stable end-products are printed in heavy type 
Carbon Tetrachlonded — This compound, when decomposed 
alone by an arrangement similar to that used for chloroform, 
gives off great quantities of chloiine, perchlor benzene, perchlor- 
ethane (in very trifling quantity), and perehloreth^dene are 
also produced. The presence of water in this ease also increases 
the yield of carbon monoxide Amline leads to triphenyl- 
guanidine, some resin being also formed. 

The scheme of decomposition for tetrachlormethane is the 
following : 


CCI 4 - 


4CCl2+Cio,^ 
C2CI4-- 


CCl 

III 

CCl 


*C2Cl6 


y 


-hCl2 




I 

CgCle 


If air is blown simultaneously with the tetrachlormethane 
vapors against the incandescent wire, there is produced phos- 
gene, which is probably formed by direct oxidation of dichlor- 
methylene : 

CCl2+0 = CCl20. 

PercMorethylene 2 yields a gas mixture -of chlorine and a 
little carbon monoxide, and also phosgene in the presence of air. 
The residue m the flask consists principally of perchlorbenzene 
besides traces of perchlorethane Addition of water consider- 
ably increases the quantity of carbon monoxide 

Chloral Hydrate,® when subjected to pyrogenic decomposi- 


>1. c. 

*1. c. 

® Ztschr f Elektrochemie 10, 504 (1904). 



256 electrochemistry OF ORGANIC COMPOUNDS 


tiou alone or mixed with water vapors, breaks up in the same 
manner. The reactions are expressed in the following scheme . 


C CI3CHO 


► CCI2+CIHCO 



CeCle. 


Besides the products observed in the decomposition of 
chloroform, carbon monoxide also occurs as a direct decomposi- 
tion product of the unstable formylchloride 

Trichloracetic Acid is completely decomposed at higher 
temperatures into gases. Joist ^ could detect hydrochloric acid, 
chlorine, carbon monoxide, and carbon dioxide, besides traces 
of phosgene The decomposition takes place, perhaps with the 
aid of moisture, as shown in the equation ; 

2 CCI 3 COOH + H 2 O = CI 2 + 4HC1 + SCO + CO 2 

Phosgene is formed secondarily from chlorine and carbon 
monoxide 

Acetyl Chloride breaks up (Joist completely into approx- 
imately equal volumes hydrochloric acid, carbon monoxide, and 
unsaturated hydrocarbons (mostly ethylene). The reaction 
is expressed in the equation 

2CH3COCI = 2 HC 1 + 2CO + C2H4. 

Bromofonn splits off hydrobromic acid and some free bro- 
mine, and yields as chief product perbromethylenc, also per- 
' brom benzene (Joist 1) Hexabromethane occurs only in traces, 
this was to be expected on account of its easy decomposability 
into bromine and perbromethylenc Some carbon monoxide 


‘ The experiments have nbt yet been published Bonn (1904) 
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escapes. If the bromoform vapors are ’mixed with aqueous 
vapors the products remain the same; but no gas is evolved, 
and the water contams, besides hydrobromic acid, small quan- 
tities of formic acid The following expresses the decomposition : 


CBr^H — 



C2Br2+Br2 ' 

i 

CeBre 


C2Br6 


Presence of water deternunes the reaction: 

CBr 2 + 2 H 2 O = HCOOH + 2HBr, 

while with chloroform the reaction is 

CCl2 + H20=C0+2HCl, 

carbon monoxide being produced 

Benzene, as is well known, is easily converted at high 
temperatures into diphenyl and complex hydrocarbons. Lob’s ^ 
method is very well suited for preparing diphenyl on a small 
scale Metallic wires serve the same purpose as carbon filaments. 
Diphenylbenzene occurs as a by-product in small quantity. 

Nitrobenzene, blown in vapor form against the incandescent 
wire, decomposes violently, sometimes explosively, producing 
a charred mass and large quantities of nitric oxide. The reaction 
is moderated by diluting the vapors with aqueous vapor, but 
the obtainable products are so complex that their determination 
has not yet been accomplished (Lob 2 ). 


‘ Ztschr f Elektrochemie 8, 777 (1902) 

2Ber d deutsch chem Gesellsch 34, 918 (1901), Ztschr f. Elektro- 
chemie 8, 775 (1902) 
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o-Nitrotoluene. — Although the pure vapors of o-mtrotolu- 
ene behave like those of nitrobenzene, o-nitrotoluene diluted 
with aqueous vapors yields anthranihc acid, in addition to a 
httle o-cresol and salicyhc acid and considerable resinous sub- 
stances (Lob L • It IS possible that anthranil is primarily formed 
from o-mtrotoluene, water being split oft, the anthranil is then 
converted into anthranilic acid by the highly heated steam, 
just as by boihng with alkalies 

/NO2 

CbHZ =C6 H4< I/O + H2O. 

^CHs ^CH 

The presence of sahcyhc acid must evidently be referred 
to the action of the hot aqueous vapors upon anthranihc acid: 

/NH2 /OH 

CeHZ +H20 = C6H4< +NH3. 

^COOH ^COOH 

Slight traces of ammonia could be detected. The o-cresol 
was evidently formed from o-nitrotoluene and aqueous vapor, 
with sphtting off of nitrous acid 

The material of the glower is mostly without any influence 
on the reaction Platinum, platinum-iridium, nickel, iron 
and carbon gave quahtatively equal results; only copper 
wires are not applicable for the preparation of anthranilic 
acid They primarily cause a reduction to o-toluidine and 
then complete combustion is brought about by the copper 
oxide which is formed. 

Aniline.2 — This compound is colored brown, ammonia is 
split off and some gas evolved. Diphenylaimne and car- 
bazole could be isolated 

Diphenylamine.2 — On conducting the vapors of this sub- 
stance mixed with those of chloroform over metallic glowers, 


^ Ztschr f Elektrocherme 8, 776 (1902) 

^Ber d, deutsch. chem Gesellsch 34, 918 (1901); Ztschr f. Elektro- 
chaaiie 7, 913 (1901) 
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diphenylamine combines with chloroform and gives a small 
yield of acridine 

Benzyl Chloride, henzcil chlovidB and henzotrichloride, when 
subjected like chloroform to pyrogenic decomposition, behave 
quite like the latter compound, a chssociation into hydro- 
chloric acid, or chlorine and phen5dmethylene, or clilorphenyl- 
methylene, seems to occur first (Lob^) 

Benzal Chloride gives smoothly stilbene, with sphtting off 
of hydrochloiic acid’ 

2C6H5CH2CI — > 2 C 6 Hs CH -(- 2HCI 
CgHs CH CH CgHs 


Benzal chloride also sphts off hydrochloric acid, but no 
chloime, a mixture of a- and / 3 -tolane dichlorides results 

2C6H5 CHCla- ^ 2 C 6 Hs CCI + 2HCI 

I 

i i 

CeHg CCl CgHs CCl 

CfiHs CCl CIC CeHs 

Benzotrichloride at first gives off chlorine, which does not, 
however, escape, but is absorbed by a part of the primarily 
formed tolane-dichlorides, these are thereby converted into 
tolanetrichloride and tetrachloride. 

2 C 6 H 5 COI 3 ^2C6H5 CCl-^2Cl2 


CsHs -CCl CeHs CCl 
CeHs CCl 1 CIC CsHs i^ 


CgHs CCl 
CgHs CCI 2 

CeHs CCI2 
CgHs CCI2 


^ Ber d deutsch chem Gesellsch 36, 3059 (1903) , Ztschr. f Elektro- 
chemie 9, 903 (1903) 
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If a mixture of benzotrichloride and water is subjected 
to p5TOgenic decomposition, the yield of tolane dichlorides, 
tri- and tetrachlorides is very small, although these substances 
do not entirely disappear Benzaldehyde and benzoic acid 
become the chief products. The benzaldehyde is apparently 
the reaction product of chlorphenylmethylene with water, and 
the benzoic acid the oxidation product of the benzaldehyde by 
the intermediately occurring chlorine Benzalchloride, in the 
presence of water, gives benzaldehyde; no benzoic acid is 
formed. 



CHAPTER IV. 


THE SILENT ELECTRIC DISCHARGE AND THE ACTION OF 
TESLA-CURRENTS. 

I. The Silent Electric Discharge. 

While the action of the induction spark upon organic 
bodies, gases and vapors is undoubtedly a thermic process, in 
the silent electric discharge the electric energy plays a more 
important part, either as such or in the form of radiant energy. 
In this case we are deahng with a constant passage of an electric 
current through gases Even if the theory of the conduction 
in gases is still in its primitive stages, many phenomena already 
point to ionic formations or electron effects The silent electric 
discharge takes place continuously between two conductors 
separated by a dielectric such as glass, or gases, if the poten- 
tial difference of the two conductors exceeds a certain value. 

In rarefied gases the discharge is accompanied by luminous 
appearances (glow discharges), which are often smted for in- 
vestigations in spectrum analysis, under ordinary pressure 
and in daylight the gases do not glow, but in the dark and mth 
a sufficiently high tension, even without rarefaction, the glow 
occurs 

The rise in temperature during the discharge is triffing, there- 
fore reactions which are brought about by the latter’s influence 
often assume a different r 61 e than those produced by the in- 
duction spark. In the latter case stable compounds are pro- 
duced, which is very natural, considering the high temperature. 
The formation of labile, often endothermic substances, is incited 
by the silent electric discharge. These substances are easily 
decomposed by stronger calefaction. The great value of these 
reactions for simple syntheses— as employed by nature in plants 

261 
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for producing the labile compounds, which serve as plant nourish- 
ment, from the most stable products started with — lies in this 
property. This problem is extremely important The syn- 
thesis of substances important for nature — the carbohydrates, 
albumens — ^in the laboratory with our usual chemical resources 
is only a first step in the realm of actual synthesis This will 
only be found when we can follow the paths which nature 
herself chooses in preparing her products Her methods are 
undoubtedly much snnpler than the artificial, chemical proc- 
esses that we must make use of in reaching the same goal. 
The whole primary material upon which we can base the 
formation of the most various substances of orgamc nature is 
the atmosphere — are carbonic acid, oxygen, nitrogen, and watei. 
The synthesis of complex substances from these materials 
is known to take place under the influence of hght rays and the 
absorption of energy. Such a transformation of a system of 
lower energy into one of higher energy usually occuis only at 
high temperatures The silent electric discharge occupies- a 
prominent place among the forms of energy which, like hght, 
favor endothermic reactions at ordinary temperatures 

Berthelot,^ m pointing to the nature of the reactions occur- 
ring under its mfluence, which are particularly similar to those 
of plants, advanced the following views . In clear weather there 
exists between two strata of air only one metre apart a potential 
difference of 20-30 volts which, in rainy weather, can increase 
to about 500 volts Reactions can already take place under 
the influence of such tensions, thus at 7 volts a fixation of nitro- 
gen by carbohydrates can already occur; the decomposition 
of carbonic aci4 requires higher tensions. 

Opportunities for reactions on the surfaces of plants, by 
the formation of potential differences, are likewise continually 
present In other words, Berthelot ascribes a leading part in 
natural syntheses to atmospheric tensions, which can neutralize 
one another in the form of invisible discharges (convective dis- 
charges) through thin strata of air acting like dielectrics. 


* Compt rend 131, 772 (1900). 
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Even if this hypothesis does not seem to be scientifically 
well founded, it is nevertheless smtable for showing the im- 
portance of this but little investigated domain. 

We still know nothing of the consumption of energy in the 
reactions produced by the silent electric discharge. The spent 
energy can be easily determined by employing certain current 
conditions, it is difficult to calculate experimentally the utilized 
energy, this is due to the insigmficance of the obtained reac- 
tions and the simultaneously occurring heat quantities 

The fact that Faraday’s law is not applicable shows that 
the reactions which are caused by the discharge are not of a 
purely electrochemical nature. The chemical effect is usually 
larger than can be accounted for by the inimmum quantities 
of electricity As shown by the kind of reactions, thermic 
effects are also unlikely, although an influence of the tempera- 
ture produced by the discharge is always mamfest The suppo- 
sition is more probable that the invisible electric discharge, in 
which cathode and ultra-violet rays are present, introduces into 
the system great quantities of kinetic energy by the movement 
of electrons; this energy is then transformed into chemical 
energy This kinetic energy would then have to be eqmvalent 
to the heat of formation of the occurring substances, taking into 
account the part directly converted into heat. Bichat and 
Guntz 1 have shown by a simple example, that of ozone, that 
the heat developed in the induction tube and calorimetrically 
measured, plus the heat of formation of the produced ozone, 
is equal to the calorific equivalent of the spent electrical energj". 

The actual efficiency of ozonizers is extremely small. With 
the best ozone apparatus and under the most favorable circum- 
stances only about 15 per cent, of the total energy can be 
utihzed for the chemical reaction. 

a. Arrangements. 

The well known and variously shaped small ozonizers of 
Berthelot and Siemens are generally satisfactory for scientific 


» Ann chitn. phys [6] 19, 131 (1890). 
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experiments. According to a recommendation of Losanitsch 
and Jovitschitsch the apparatus are suitably called “ electnzers ” 
The principle employed m their construction is always the 
sarrift An air space or chamber, chosen as narrow as possible, 
exists between two conductors, either metals or electrolytes, 
which are connected with the terminals of an induction coil. 



Fig 9 Fig 10 


The metals serving as electrodes are in most cases separated — 
electrolytes of course always — from the discharging chamber by 
thin glass walls. Smtable small tubes attached to the appara- 
tus afford means of ingress and egress for the gases or vapors 
to be acted upon The space between the walls in the dis- 
charging chamber is of great influence (A de Hemptinne ^). 

Some apparatus used by myself in experiments as yet un- 
finished may be mentioned here. The difference from former 
^ Bull de PAcad. roy. de Belg [3] 34, 269 (1897). 
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constructions exists (m Fig. 9) in the constant production of 
the vapors in a flask with a ground-glass neck made to fit one 
end of the induction tube , the flask contains the reaction fluid 
This apparatus has an arrangement for coohng the vapors and 
one for working under diimmshed pressuie In Fig 10 the 
apparatus can be taken apart at the ground-glass connection b 
in such a way that liquids, solids, and electrodes of various 
materials, especially for investigating catalytic effects, can 
be brought into it The current connections with the outer 
coat IS made in Fig 10 by means of a platinum loop a, fused 
into the side of the tube, in wliich is hooked the spiral electrode 
of any kind of metal wire 

Special attention in these experiments must be paid to the 
interrupter (rheotome , platinum, and mercui y circmt-break- 
ers and electrolytic ones are applicable. The foimer pos- 
sesses the disadvantage of great wear and tear, and in prolonged 
experiments requires frequent regulation If kept clean, the 
mercury ciremt-breaker is very convenient. The Wehnelt 
circuit-breaker interrupts high current strengths very exactly, 
and, when suitably made, can be used both with alternating 
and direct currents To save the consumption of platinum I 
construct the electrolytic interrupters by placing m front of a 
large carbon plate the point of a nickel wire 2 mm thick as 
active electrode in a 2-3% sodium-hydroxide solution Glass 
worms regulate the temperature with high current strengths. 
This simple and cheap arrangement has proven serviceable. 

b. Chemical Results. 

The action of the silent electric discharge upon organic 
compounds takes its starting point in the observation that 
oxygen under its influence is polymerized to ozone. Although 
the work done in this field, which until recently was chiefly 
carried on by the French school, has not yet shown great prac- 
tical results, we need not doubt that these phenomena deserve 

' See also Leitfaden des Rdntgenverfahrens, published by Dessauer and 
Wiesner, Berlin, 1903 
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the greatest interest and are closely related^ as already em- 
phasized, to the fundamental questions of synthesis in general. 
Besides the experiments on the behavior of organic vapors, 
the observations which have been made on the synthesis of 
simple organic compounds from cai borne acid and carbon 
monoxide — substances which we are not accustomed to regard 
as organic — are of particular mterest. The results so far obtained 
are mentioned belo\^ We are mostly indebted to Berthelot’s 
investigations along this line of work 

I. Carbonic Acid and Carbon Monoxide. 

Carbonic Acid. — Berthelot ^ observed the decomposition into 
carbon monoxide and oxygen. The reaction is reversible, an 
equihbrium occurs, in which, however, the partially ozomzed 
oxygen converts carbon monoxide into carbonic acid and a 
solid carbon suboxide, C4O3, which Brodie ^ had already formerly 
observed Carbon dioxide, under a pressure of 3-10 mm. 
mercury, splits up very rapidly and up to 70 per cent into 
carbon monoxide and oxygen (Norman Collie 

Carbomc acid, in the presence of water, is converted into 
formic acid and oxygen (Losanitsch and Jovitschitsch ^) ; the 
latter, partially ozomzed, produces hydrogen peroxide. 

Lob ® showed that moist carbon dioxide also always yields 
earbon monoxide and only the latter forms the starting point 
for formic acid The following reactions occur : 

1 2C02 = 2C0 + 02, 

2 C0+H20 = HC00H, 

3 3 O2 ~2 O3, 

4 H2O + O3 = H2O2 + O2. 


' Essai de M^canique ohraiique II, 377 (1879) 

^London R Soc Proceed 21, 245 (1873), Lieb. Ann 169, 270 (1873) 

® Journ of the Chem Soc 465, 1063 (1901) 

* Ber d deutsch. chem Gesellsch 30, 135 (1879) 

' Sitzungsbenchte d niederrheimschen Gesellschaft fur Natur- u. Heil- 
kunde (1903) 
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Carbonic acid and hydrogen, according to the experiments 
of Losanitsch and Jovitschitsch,^ also unite to form formic 
acid 

Carbon Monoxide. — Considering the easy decomposabihty of 
carbonic acid with sphttmg off of carbon monoxide, the latter’s 
behavior is particularly interesting According to Berthelot^ 
it breaks up into carbomc acid and the above-mentioned sub- 
oxide ; 

5C0=C02+C403. 

Moist carbon monoxide, according to the concordant results 
of Losanitsch ^ and Jovitschitsch, of Lob and of HemptmneA 
yields formic acid There are also always formed some car- 
bonic acid (Maquenne,® and Hemptinne) and hydrogen (Ma- 
quenne) The dimensions of the “ electrizer,” particularly 
the distance of the walls between which the discharge occurs, 
are of special influence on the result (Hemptinne) 

The influence of the experimental conditions is shmvn in 
the action of the silent discharge upon a mixture of carbon 
monoxide and hydrogen Thenard, Brodie, and Berthelot ^ 
found a solid body (C4H303)n; Berthelot also observed a little 
carbon dioxide, acetylene, and an olefine-hke hydrocarbon. 
Losa,nitsch and Jovitschitsch ’’ obtained formaldehyde and 
its polymers, Hemptmne observed an oily liquid, without 
being able to say anything definite regardmg the formation 
of formaldehyde 

At any rate all these experiments are worthy of the most 
thorough study If the assertion of Phipson ® is correct, that 
in plants hydrogen peroxide first produces formaldehyde from 
the carbonic acid (C02-l-H202=CH20+03), the possibility of 


c 

2 Essai de M^canique chimiqiie TT, 379 (1879) 

3 See note 5 on page 266 

* Bull de TAcad roy de Belg [3] 81, 269 (1897) 
« Bull soc chim [2^89, 308 (1883) 

® Essai de M4canique chxmique II, 382 (1879) 
n c 

8 Chem News, 50, 37, 288 (1884) 
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the formation of sugar by polymerization is at once given The 
well-known Bayer theory, of the formation of sugar m plants, 
in connection with the above-mentioned view of Berthelot on 
the importance of atmospheric tensions for the chemical re- 
actions of plants thus obtains new essential, and experimentally 
accessible, facts 

Recent investigations of Berthelot ^ deserve the greatest 
attention exactly in this connection He found 

1 Carbon monoxide and carbon dioxide condense with an 
excess of hydrogen to carbohydrates • 

n(CO H- H 2 ) = CnH2»0n , 

n(C02 "i" 2 H 2 ) = CnH2«On “h nH20. 

2. If only a httle hydrogen is present, complicated com- 
pounds rich m oxygen result 

3 In a mixture of carbon monoxide, carbon dioxide, hydro- 
gen, and nitrogen, the discharge produces nitrogen contaimng 
compounds having the formula . 

(COHsNjn, or (C0H3N)„+nH20, 

which are comparable with hydrocyanic acid, and the com- 
pounds of the carbamide and xanthme groups 

With an excess of carbon monoxide Berthelot finds sub- 
stances which seem related to parabanic acid If water occurs 
m the reactions, ammonium nitrite is present 

Berthelot’s observations are confirmed by the experiments of 
A. Slosse,^ who, by subjecting a mixture of 1 volume carbon 
monoxide and 2 volumes hydrogen to the induction action in an 
ozomzer, obtained a crystalline, fermentable sugar which could 
have been formed from formaldehyde and methyl alcohol — 
both of which can be shown to be present — by the further 
action of the discharge: 

C0+H2=CH20; 

00-h2H2 = CH 30 H. 


1 Compt rend 126, 609 (1898) 

“ Bull de I’Acad roy de Belg 35, 547 (1898) 
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Berthelot has published a paper ^ on the apparatus em- 
ployed m his experiments, the methods of the quantitative 
determinations, the influence of the conditions on the reaction 
velocity, and the dependence of the results upon the duration 
of the experiment. The latter is particularly important for 
the theoretical interpretation of the results Simple, binary 
compounds are primarily formed which are secondarily poly- 
merized to complex compounds — similarly as in physiological 
processes, in which the assimilated substances, after being 
split up into simpler substances for the purpose of nutrition, 
are again umted to comphcated compounds ^ 

. Losanitsch and Jovitsehitsch,® by the action of the silent 
electric discharge upon a mixture of carbon monoxide with 
other gases, have also accomphshed the following syntheses. 
They obtained 

1 From carbon monoxide and hydrogen sulphide Formalde- 
hyde and sulphur, and thioformaldehyde and its polymers 
respectively, besides water, 

C0+H2S=HC0H+S; 

HCOH + H 2 S = HCSH + H 2 O. 

2 From carbon monoxide and hydrochloric acid: The un- 
stable formylchloride • 

CO+HCl=HCOCl 

3 From carbon disulphide and hydrogen : Hydrogen sulphide 
and carbon monosulphide: 

CS2+H2=H2S+CS. 

4. From hydrogen sulphide and carbon monoxide: Carbon 
oxysulphide and carbon monosulphide ■ 

CS2+CO = COS-fCS. 

' Compt rend 126, 561 (1898), 131, 772 (1900) 
n c 

’ Ber d deutsch chem GeseUscE 30, 135 (1897) 
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5 . From carbon monoxide and ammonia: Formancdde. 

C0+NH3 = HC0NH2 

According to Slosse/ 1 vol CO and 2 vols NH3 give a 
crystalline substance resembling urea 

6. From nitrogen and water Ammonium nitrite . 

N2 + 2 H20 = NH4 NO2 

In the further description of the results obtained in the 
realm of silent discharges we will first consider the behavior of 
single organic substances, then that of mixtures 

II. Hydrocarbons. 

Methane. — Ahphatic hydrocarbons, exposed to the action 
of a high-tension discharge, yield hydrogen, a little acetylene, 
which in the course of the experiment can again disappear by 
polymerization, and polymerized hydrocarbons From methane 
Berthelot ^ obtained the last-mentioned gases, a resinous hydro- 
carbon, and traces of a fluid possessing a turpentine odor He 
found — in percentages by volume — from 100 CH4 105 2 H2, 
4.4 CH4, a sohd hydrocarbon of the empirical formula CioHig. 

Methane and oxygen, according to Maquenne,^ yield formal- 
dehyde besides considerable formic acid 

Methane and carbon monoxide, according to Losanitsch and 
Jovitschitsch,^ unite to acetaldehyde and its condensation and 
polymerization products, according to Hemptinne,® aldehydic 
substances 

Methane and carbonic add condense (Th 4 nard and Berthe- 
lot to an insoluble' carbohydrate, Berthelot observed the 
presence of a trace of butyric acid. The residual gases con- 
tained a little acetylene and considerable carbon monoxide. 

^ Bull de PAcad roy de Belg 35, 547 (1898) 

^ Corapt rend 82, 1360 (1876), Trait4 de M^canique Chimique II, 
379 (1879) See also Compt rend 126, 501 (1898) 

® Bull soc china 37, 298 (1882) 

^ Ber d deutsch chena Gesellsch 30, 135 (1897) 

® Bull, de TAcad. roy de Belg [3] 34, 275 (1897) 
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Methane and mtrogen in the mixture 100 CH4 + IOO Ng give 
117.7 H2, 3 4 CH4, 74 N2, and a solid body having approxi- 
mately the composition, C8H12N4 (Berthelot 0 

Ethane.— -From pure ethane Berthelot, at the beginning 
of the experiment, obtained (1 c ) a little acetylene and ethylene 
besides a resinous hydrocarbon. He found at the end of the 
experiment, from 100 C2H4 107 8 H2, 0 7 CH4, CioHig The 
unsaturated hydrocaibons had become polymerized 

Ethane and carbon monoxide yielded Hemptinne (1. c.) chiefiv 
acetaldehyde, also some acetone. 

Oils Cn3 + CO = CH3 CO CHs. 

Ethane and nitrogen — There were obtained from 100 C9H6 + 
100 N2 (Bertludot) 9S.2 Ha, 3 0 CH4, 73 5 N2, Ci6H32N4“ 
Ethylene.— 100 C2H4 gave 25.15 H2, 4 35 CsHe (CsHu)^ 
(Berthelot). In former expeiiments Berthelot had obtained a 
fluid (C20H10.0) already observed by Thdnard 

Ethylene and mfror/en.- 100 C2H4-I-IOO N2 gave 28 6 H2 
0.4 C2II6, 62 2 N2, Ci(.Il32N4 

Propylene. — 100 parts yielded- 34 2 H2, 0 7 CH4, C15H26. 
Propylene and nitrogen — 100 CsHe + lOO N2 gave 17 8 H2 
60 5.V.,C,r,ir28N4 

Trimethylene. — 100 C3II0 -+37 3 H2, 14 CH4, C15H26 
Trimethylene and mtrogen — 100 C3H6 + IOO N2— >4l.4H2 
1.6 CH4, 61.4 N2, Ci5H2fiN4 

Acetylene.— 100 C2H3 -> 1.8 Ha, 0 8 C2 H4, 0 08 CaHe, and an 
explosive substance. In the presence of hydrogen this sub- 
stance is partially ab.sorbed by the acetylene. 

Acetylene and nitrogen — 100 C2H2 + IOON3 gave no hydro- 
gen anti no hydrocarbon, but 88 6 N2 and a solid substance, 
CieH.eNa. 

Allylene. — 100 C3H4— ^3 Hs, (Ci6Hi9)2. 

Allylme and nitrogen — 100 CpH4 + 100 H2 82.2 N2, 
CuHaoNa. 

In the experiments of Berthelot the gas analyses refer to 
the residual gas volume after the discharge has acted on the 


^ Compt. rend 126, 567 (1898; 
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gaseous mixture for 24 hours The high molecular formula 
give approximately the composition of the solid condensation 
products 

Berthelot ^ thus summarizes his experiences as to these 
reactions . 

1. The limit hydrocarbons CnH 2„+2 lose 2 atoms of hydrogen 
per molecule Solid hydrocarbons, most probably of a cyclical 
nature, are formed as polymerization products. 

2. The olefines CnH 2 « also polymerize with loss of hydrogen. 
The solid products hereby formed, (C»H 2 m)OT— H 2 , in which 
m equals 4 or 5, or a multiple of these values, remind one of 
the camphenes, so far as their composition is concerned. 
They certainly belong to the cyclical hydrocarbons 

3 The acetylene hydrocarbons, CnH 2 »_ 2 , polymerize without 
loss of hydrogen 

4 All hydrocarbons take up mtrogen, forming probably 
cyclical polyamines; methane and ethylene hydrocarbons seem 
to give tetramines, and acetylene hydrocarbons, diamines. 

Benzene gave Hemptinne^ resinous substances, several 
hydrocarbons, a little acetylene, and hydrogen 

Benzene and hydrogen easily unite under the influence of 
the discharge. Berthelot ^ found that 1 cc. benzene takes 
up 250 cc. hydrogen, ie., about 2 equivalents, forming a 
solid polymeric hydrocarbon (CeHs)^ 

Benzene and nitrogen, according to Berthelot,'^ form a 
polymeric condensation product, one part by weight of ben- 
zene taking up about 0 12 part by weight of nitrogen. The 
substance, on being heated, splits off ammonia and seems to 
be a diphenylenediamine Recently Berthelot ® has found that 
argon is also absorbed by aromatic compounds, especially by 
mercury phemde, forming a mercurargon phenide. Mercury 
methide, on the contrary, does not absorb argon, but if nitrogen 

' See also Jahrb d Elektrochemie of Nemst and Borchers, V, 202 et seq. 
(1899) 

^ Ztschr. f phys Chemie 25, 298 (1898) 

’ Compt rend 82, 1360 (1876) 

^ Ann chim phys 11, 35 (1897) 

'Compt rend 129, 71, 378 (1899). 
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is simultaneously present, it condenses with this to a con- 
densation product of approximately the formula C 20 H 34 N 5 
Tuipentine (G 20 H 16 ) unites with about 2 5 equivalents of 
hydrogen to a solid polymeric body 1 

III. Alcohols. ‘ 

Methyl Alcohol. ^According to Maquenne,^ the vapor of 
methyl alcohol is decomposed by the silent discharge chiefly 
into methane and carbon monoxide, some hydrogen, ethylene, 
and acetylene and very little carbonic acid, are also produced. 
The quantity ol hydrogen incieases with increasing pressure 
(from 3-100 mm mercury pressure), that of the other products 
decreases ■ 


Piessure 

3 mm 

100 mm 

VO 

24 3 

19 6 

CO, 

0 0 

0 0 

CJL+CjH, 

4 3 

0 9 


51 0 

36 7 

Hj 

20 4 

42 8 


A decomposition is caused by a high temperature similar to 
that produced by the discharge 

A. Hiunjitinne subjected a large number of substances to 
rapid electric oscillations in an arrangement which, according 
to the method of Lecher, ^ permitted an investigation of the 
influence of various wave lengths ^ He found that methyl 
alcohol ® at 15 mm. pressure and with weak oscillations gave: 


Urwlecomposed alcohol. . 

2 . 0 % 

Carbonic acid. . . • . . 

4.2% 

Carbon monoxide. ... 

30.4% 

Hydrogen . . . 

30 5% 

Methane (and other hydrocarbons). 

. 32 9% 


* TmitSde Mtscanique chimique II, 382 (1879) 
»Bull.soo cliiin [2] .37, 298 (1882), 40.60 (1883). 
•Wied Ann 41,860 (1890) 

* Ztschr f phys. Chem, 22, 358 (1897) 

« Ibid 25, 284 (1898) 
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Stronger oscillations produced about the same effects 
Hemptinne suggests the following three problematical equa- 
tions for explaining the reaction. 

I CH30H=CH4 + 0, 

the oxygen acts in turn upon the methane and forms CO 2 , CO, 
and H 2 O, while methane itself simultaneously breaks up into 
hydrogen and other hydrocarbons. 

The following processes seem to lum less likely: 

II CH30H=C0 + 2H2, 

because the sohd reaction product of hydrogen and carbon 
monoxide, which Berthelot found, is not piesent, and 

III CH30H=CH3 + 0H, 

with subsequent polymerization, since here the formation of 
large quantities of methane is difficult to explain 

Owing to the present existing difficulty of explaining the 
complex action of electric oscillations, I should like to here 
refer, but only by way of suggestion, to a fmther possibility 
which takes account of the polymerizing influence of the oscil- 
lations. It is imaginable that primarily two or several mole- 
cules of methyl alcohol become associated and yield a product 
which is broken up during the progress of the exjierirnont. 
The decomposition products thus formed are then further 
effected by the influence of the oscillations. The total equation 
would then be the following : 

2CH30H=CH4+C0+Tl2 + H20. 

As some carbon dioxide is always formed from carbon 
monoxide and water, such a breaking up of the molecules would 
agree with the analytical results of Hemptinne. 

Ethyl Alcohol. — Maquenne ^ obtained a gas which possessed 

■BuU soc chim [2] 37, 298 (1882); 40. 61 (1883) 
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a strong aldehydic odor, and contained hydrogen, ethane, ethy- 
lene, acetylene, cai'bon monoxide, and carbon dioxide. He 
deterimncd the following results for various pressures: 


Prosauro 

2 mm 

110 mm 

COo 

2 2 

0 0 

CO 

11 0 

14 0 

1 14 8 


30 1 

19 8 


42 6 

65 4 


Hemptinnc ^ found 

Undc'composod alcohol . . . . 3% 

Carbon dioxide . • 2% 

“ monoxide . 22% 

Hydrogen. • • • 25% 

Ethane and methane 48% 

To prove the supposition of a decomposition C 2 H 5 OH 
“CoIIb + O, Hemptinnc added some phosphorus to the vapors, 
for "immediately binding the oxygen occurring intermediately. 
He actually found a decrease m carbon monoxide and the 
hydrocarbons and a considerable increase in the quantity of 
hydrogen. C’arbon dioxide was not present On the con- 
trary, if oxyg('n is added directly to the alcohol vapor, the 
quaiititic'S of carbon mon- and dioxide and of the hydrocarbons 
increasi' considerably, while the quantity of hydrogen decreases. 
These phenonuma, of course, do not prove the primary process, 
CaHflOil = C 2 II 6 + 0, which is altogether unlikely. For the chief 
change occurs in the proportion of hydrogen to hydro^rto 
(without P; 20% H 2 , 62.5% C 2 H 6 +CH 4 ; with P 65% H 2 , 
27% CaHfl + ClH); it points to the influence of the medium 
upon the reaction velocity and the equilibrium, but does not 
permit a decision as to the course of the reaction. The explana- 
tion of these processes occurring with simple substances still 
requires a great deal of experimental work. 


C. 
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Absolute, fluid alcohol, according to Berthelot,^ breaks up 
slowly with evolution of hydrogen and ethane Aldehyde is 
simultaneously produced and a complex hydrocarbon having 
perhaps the composition CnH 2 n 

Hemptinne^ also investigated the following alcohols: 

Propyl Alcohol. — Result . 


Undecoipposed alcohol. . . 

2% 

Carbon monoxide. . . . 

■ 16% 

Hydrogen . . 

37% 

Propane, ethane, and methane. 

45% 


Isopropyl Alcohol breaks up, under similar conditions, in 
almost exactly the same way as the normal alcohol. 

Allyl Alcohol was exposed for only a minute to electric oscil- 
lations; it yielded: 

Undecomposed alcohol. . . 35% 

Hydrocarbons, C„H 2 ». . . . 35% 

Carbon monoxide. . . 10% 

Hydrogen, and other hydrocarbons . . 20% 

Glycerin. — The gaseous products formed are carbon dioxide, 
carbon monoxide, and hydrogen. 

Glycol gives carbon dioxide, carbon monoxide, hydrogen, 
and methane. 

Phenol is decomposed, splitting off a gasc omposed of car- 
bon mon- and dioxide and hydrogen. 

lY Aldehydes and Ketones. 

Aldehydes and ketones were also investigated by Hemp- 
tinne.^ ^ 

Acetaldehyde gives carbon monoxide, hydrogen, and methane. 

Paraldehyde.— The gaseous products formed are carbonic acid, 


1 Compt rend 126, 693 (1898) 


*1. c. 
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hydrocarbons (C»H 2 n), carbon monoxide, hydrogen, and meth- 
ane. 

Propylaldehyde breaks up m a different manner than the 
isomeric allyl alcohol. The gas, separated from the aldehyde, 
contained carbonic acid, methane, and ethane, hydrocarbons, 
CnHsn, carbon monoxide, and hydrogen 

Acetone, likewise isomeric with allyl alcohol, gives the same 
products as propyl aldehyde. As the quantity of carbon mon- 
oxide does not decrease in the presence of phosphorus, Hemp- 
tinne concludes that the following decomposition process occurs i 

CHaCOCHa^CaHe-fCO. 

According to Maquenne ^ acetone vapor is decomposed by 
the electric discharge into hydrogen, ethane, and carbon mon- 
oxide, a small quantity of acetylene and carbon dioxide being 
also formed. The quantity ratios are less dependent upon the 
pressure than in the case of methyl and ethyl alcohol: 


Pressure 

Tnfliiig, 

100 mm 

CO, 

1 1 

0 6 

(’(> 

37 5 

42 1 

V H 

4 3 

2 9 


32 4 

30 0 

24 7 

24 4 


Glyoxal breaks up into carbonic acid, hydrocarbons (CnH 2 n)> 
and hydrogen. 


V, Acids and Esters. 

Formic Acid. — Maquenne ^ has investigated the action of 
the discharge upon formic-acid vapor under various pressures. 
He found carbon monoxide, carbonic acid, and hydiogen With 
increasing pressure (2-100 mm. mercury) the quantity of 
carbon monoxide decreases, while the quantities of carbonic 


> BuU soc. chim [2] 40, 63 (1883). 
»Ibid. 39, 306 (1883) 
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acid and hydrogen increase correspondingly. Hemptinne ^ ob- 
tained similar results 

Forrrnc Methyl Ester yielded thb following gases (Maquenne 2 ) ; 


Carbon dioxide 81% 

‘ ‘ monoxide 46 8% 

Ethylene ... 0 5% 

Methane. . . ... 20 6% 

Hydrogen 24 0% 

Formic Ethyl Ester gives (Hemptinne) ; 

Carbon dioxide 13% 

‘ ‘ monoxide 42% 

Hydrogen . . 25% 

Ethane and methane 20% 


Acetic Acid. — Besides hydrogen, carbon mon- and dioxides, 
Maquenne 2 also obtained methane, ethylene, and acetylene, 
With increasing pressure he found an increase in hydrogen and 
carbon monoxide, a decrease in carbonic acid and hydrocarbons. 
Hemptinne observed similar results with his experimental 
arrangement He accepts the following as the* primary decom- 
position process, corresponding to that of the alcohols: 

C2H402 = C2H4-1-02. 

Hemptinne does this to explain the presence of large quantities 
of ethylene. 

Acetic Methyl Ester, according to Hemptinne, breaks up 
quantitatively almost in the same manner as the isomeric formic 


ethyl ester : 

Carbon dioxide 11% 

' ' monoxide 47% 

Hydrogen 20% 

Ethane and methane 22% 


e 

’ Bull soo. chim. [2] 40, 64 (1883). 
•Ibid. 39, 306 (1883). 
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Propionic Acid gives carbonic acid, hydrocarbons (C«H2„), 
carbon monoxide, hydrogen, and saturated hydrocarbons. 

Glyceric Acid.— Although glycerin did not yield any hydro- 
carbons, there were obtained, on using glyceric acid, besides 
carbon mon- and dioxides and hydrogen, about 20% methane. 

Glycollic Acid. This acid, CH2OHCOOH, breaks up smoothly 
into hydrogen (70%) and carbonic acid (30%). 

Oxalic Acid splits off carbomc acid, carbon monoxide, and 
hydrogen. 

Benzoic Acid gives the same products Hemptinne, who 
has investigated the last-mentioned acids, draws the conclusion 
from his observations that the molecule is burst by the influence 
of the electric vibrations, whereby isomeric substances often 
give the same bodies, and sometimes various decomposition 
products. 

VI. Concerning the Binding of Nitrogen to Organic Substances. 

(Berthelot’s Investigations ) 

Alcohols and Nitrogen ^ 

Berthelot subjected weighed quantities of the alcohols and 
certain volumes of nitrogen to the action of the silent electric 
discliarge. In most cases the action was limited to 24 hours 
(when it was continued for a longer period, an absorption 
of nitrogen no longer occurred). He obtained the following 
results 

Methyl Alcohol. — 0.0515 g. and 11 5 cc N2 were used. 
Composition of the resulting gas: H2 = 18 5 cc., CO = 0 9 cc., 
absorlx'd nitrogen: 9.4 cc. 

These values correspond to the process: 

CHaOH+^N-H; 

a body of the composition C4H12N2O4 or [C2H(OH)NH2 + H20]2 
must therefore have been formed. This formula points to the 
formation of an arnidine or its hydrate. 


* Compt. rend 126, 616 (1898) 
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The alcohol is also decomposed by itself, which couki be 
proved by experiments of short duration in which no notable 
absorption of nitrogen had taken place. According to the gas 
analyses, the decomposition of the alcohol occurs as shown 
in the equations: 

2CH30H=CH4+C02+2H2, 

CH 30 H+H 2 = CH4+H20, 
CH 30 H=C 0 + 2 H 2 . 

(Cf. the experiments of Hemptinne, p 274.) 

The other alcohols behave analogously. 

Ethyl Alcohol. — There were employed 0 056 g. and 19.1 cc. 
N 2 . Gas obtained. H 2 = 26 8 cc., 002=0 2 cc., N 2 = 8 2 cc.,* 
absorbed nitrogen, 10.9 cc. 

These values represent the reaction 


C2H5OH-H2+O8N, 

from which (taking into consideration the alcohol decomposed 
without absorption of nitrogen) the formation of an amidine 
of the formula 

C4H8N2O2 = [ 02 H(OH)NH 2]2 

results 

Normal Propyl Alcohol. — Employed 0.082 g. and 19.6 cc. 
nitrogen Gas obtained: H 2 = 23.4 cc , CO 2 = 2.0 cc., 
00 = 0.2 cc., N2=7 4 cc ; absorbed nitrogen, 12.2 cc. 

Process: C3H7OH-H2+N, 

from which the formation of the amidine, 

[C3H2(NH2)H20]2 or [C3H3(0H)NH232, 

is inferred. 

Isopropyl Alcohol shows the same ratios as the normal 
alcohol. 
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Allyl Alcohol.— Employed: 0.150 g. and 23 5 cc. Ns 
Residual gas: Hs^O.S cc., N2=4 3 ce. Absorbed nitrogen, 
19 2 cc. 

Process. SCsHgOH+Ns-IH, 

from which is inferred the formation of the amidine, 

C9H1 6N2O3 = [C3H3 (0H)]3 (NH2) 2, 

Phenol and pyrocatechin readily absorb nitrogen," pyTogcillol^ 
hydroquimne, and resorcin absorb the gas quite slowly. 

Ethers and Nitrogen ^ 

Ethylene Oxide .— 100 cc C2H4O and 115 5 cc N2 give: 
H2 "= 5 5 cc , CjIIo = 0 4 cc , N2 = 10 1 cc Absorbed nitrogen. 
105 9 c c. The formation of a body, 

[C 2 H 4 N 20 ],, = [C20(NH2)2]», 

is inft'rred; it could be considered as an isomer of a hydrate 
of cyanamido. 

Methyl Ether .— 100 cc, (CH3)20 and 127 9 cc. N2 give: 
112 = 80 cc , N2 — 05.0 cc. Absorbed nitrogen" 62 3 cc. 

The ratio of the elements which react is the folloiving" 

(0113)20-1.7211 + 1 25 N. 

The proport ions are similar to those of the isomeric ethyl alco- 
hol, but in the case of methyl ether they indicate a mixture 
Ethyl Ether . — 100 cc. (0211.5)0 and 141 cc. N2 give: 
H2 ■= 1 7 * 1 . 2 c c . , N 2 - 44.6 cc . Absorbed nitrogen : 96 4 cc . 

Ratio of the reacting elements: 

(021X5)0-3 58H+N2. 

Ethyl ether therefore gives off twice as much hydrogen and 
absorbs twice as much nitrogen as methyl ether, which seems 
to point to a fixed ratio between the nitrogen compounds formed 
and the molecular weight of the compounds started with. 
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Aldehydes, Ketones, and Nitrogen ^ 

Acetaldehyde. — Employed: 24 cc CH3CHO and 22 S cc. Ng. 
Based on 100 cc. aldehyde, there were obtained at the end 
of the reaction H2 = 25 8 cc, H2 = 59 6 cc. Absorbed nitro- 
gen 35 4 cc. 

The ratio of the reacting elements is expressed by the 
formula 

C2H3.5ON0.35. 

The ratio also remains constant with an excess of nitrogen, 
and leads to the reaction product 

CioHisNaOs, 

which, judging from its marked basic character, seems to con- 
tain armdo-groups 

Ethylene oxide, isomeric with this aldehyde, combines with 
five times as much nitrogen 

Propyl Aldehyde. — A large excess of nitrogen being present, 
there were formed, based on 100 cc C2H5CHO vapor H2 = 
43 6 cc , 002+ 00 = 4 cc. Absorbed nitrogen 66 1 - cc 

These quantities correspond to a product CgHieN^Os, in 
which there are likewise supposed to be several araido-groups. 

Acetone. — By employing an excess of nitrogen, there were 
formed, based upon 100 cc OH3OOOH3 vapor: H2 = 33.3 cc. 
Absorbed mtrogen: 89 cc. 

These relations are expressed by the formula 

[03H(OH)(NH2)2].. 

Allyl alcohol, which is isomeric with acetone, absorbs only 
one third as much nitrogen as acetone takes up and only half 
that taken up by propyl aldehyde 

Methylal. — With an excess of nitrogen there are formed 
from 100 cc. CH2(OCH3)2: 112 = 71.1 cc., 002 = 4.4 cc., 

00=2.2 cc. Absorbed nitrogen' 128.9 cc. 


' Compt rend 126, 671 (189S) 
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Bcrthclot seems to refer the calculated composition of the 
reduction product 

CgHgNs, 6H2O 

to polyamincs having many hydroxyl groups and derived froitt 
the type (GHN)r„ 1 e , bodies which were obtained by him from 
carbon monoxide, hydrogen, and nitrogen by means of the 
silent electiic discharge. 

The following experiments could not be carried out to the 
end of the reaction on account of the trifling vapor tension of 
the materials started with 

Aldol takes up large quantities of nitrogen, giving off trifling 
amounts of hydrogen; paraldehyde behaves similarly Tnoxy- 
methylene, on the contrary, and formaldehyde solution absorb 
nitrogen only very slowdy 

Camphor takes up nitrogen, forming a basic body 

Benzaldehyde, benzoin, cinnamic aldehyde, salicyhc aldehyde, 
furfurol, and qu-'none, under the influence of the discharge, 
absoib nitrogen more or less rapidly 

Glucose, cellulose (paper), and dextrine^ can slowly take up 
nitrogen ; likewise the humus substances obtained by the action 
of concentrated hydi-oehloric acid upon sugar. 

Acids and Nitrogen ^ ' 

Formic Acid. — Since formic acid is easily split up by the silent 
electric discharge into carbon mon- and dioxides and hydrogen, 
a noticeable absorption of nitrogen does not occur, but fonmc 
methyl ester, although being likewise fundamentally broken 
up, takes up larger quantities of nitrogen. 

Acetic Acid.— This acid absorbs nitrogen, forming trifling 
quantities of ammonia and a product which, according to the 
analyses of the gases obtained by the discharge, is said to have 
the composition of an amine or amide (Berthelot). The be- 
havior of acetic methyl ester gives results which call to mind 


^ Essai da M^canique chimique II, 388 (1879) 
2 Compt rend 126, 681 (1898) 
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those of acetic acid and methyl alcohol when each substance 
is subjected by itself to reaction with mtrogen. 

Other acids investigated were: 

Propionic acid, crotonic acid, benzoic acid, succinic acid, 
maleic and fumaric acid, phthalic acid, camphoric acid, glycollic 
acid, lactic acid, malic acid, tartaric acid, the oxybenzoic acids, 
pyroracemic acid, laevulimc acid, dehydracetic acid, and aceto- 
acetic acid (or its esters) 

All these substances (with the exception of fumaric and 
phthalic acid, which, under the experimental conditions, do 
not absorb nitrogen) take up more or less readily varying 
quantities of nitrogen The m-oxybenzoic acid absorbs con- 
' -siderably less easily than its isomers 


Nitrogen Compounds and Nitrogen.^ 

Methylamine. — Hydrogen and nitrogen are split off, a 
sbMd product with alkaline reaction, and probably possessing 
thb ’ composition of hexamethylenetetramine, being formed, 
Dimethylamine absorbs nitrogen, splitting off water in ratios 
ihat hkewise indicate the formation of hexamethylenetetramine. 

" Trimethylamine, — This substance, by absorbing a corre- 
spondingly greater quantity of nitrogen, also seems to lead 
to the same compound. 

Ethylamine does not react with nitrogen, but it gives off 
a!’ tlhantity of hydrogen which indicates the formation of a 
■bbdy homologous to hexamethylenetetramine 

' ‘"Normal Propylamine absorbs nitrogen and gives off hydro- 
The course of the reaction indicates the formation of 
tetramines, which are derived from methyl- aaid ethylamine 
Iso-Propylamine shows the same behavior as the normal 
dbmpound 

""■Allylamine develops hydrogen, but neither absorbs nor splits 
off nitrogen The reaction product has a strong odor of piperi- 
dihfe'and perhaps the composition CgHisNa or C12H20N4. 


‘ Compt rend 126, 775 (1898) 
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Aniline, Methyianiline, Benzylamine, the Toluidines, Pyridine, 
and Piperidine take up nitrogen. Experimental, essential facts 
for determining the nature of the resulting products are 
lacking. 

Ethylenediamine. — The volume of this compound is rapidly 
increased by the action of the silent electric discharge. Hydro- 
gen is primarily developed, with some ammonia, mtrogen, and 
methane or ethane. Absorption of nitrogen and ammonia soon 
occurs, and hydrogen is spht off. In the second stage the 
formation of condensation products (polyamines) presumably 
predominates, while in the first period the decomposition of 
the material started with prevails. 

Propylenediamine behaves precisely like ethylenediamine. 

Phenylenediamine (m- and p-). Benzidine and Nicotine absorb 
very little nitrogen. 

Acetamide and Glycocoll absorb little nitrogen, and the 
quantity of the latter seems to depend upon the mtrogen ab- 
sorption capacity of the respective acids. 

Sulphocarbamide remains unchanged. 

Nitriles (acetonitrile, benzonitrile, tolunitrile, benzyl cya- 
nide) absorb nitrogen, the last three by direct addition without 
giving off another element, wHle acetonitrile gives hydrogen 
and some methane. 

Aldoxime (CHs-CH.N-OH) combines with nitrogen and 
splits off water. 

Phenylhydrazine is slightly decomposed, splitting off hydro- 
gen and nitrogen. 

Nitromethane is fundamentally broken up, presumably by 
internal oxidation, and with formation of condensed products; 
hydrogen, oxygen, carbonic acid, and nitrogen are developed. 

Nitroethane, unlike the last-mentioned compound, absorbs 
nitrogen. The behavior of nitromethane corresponds to that 
of formic acid, and that of nitroethane to that of acetic acid. 

Nitrobenzene takes up little nitrogen. 

The following substances were ajso investigated: 

Pyrrol, Indol, Indigotin, Azobenzene, and Albumens, all ab- 
sorbing nitrogen. 
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Thiophene. — This compound under the influence of the 
electric discharge absorbs as much as 8 6 per cent of its own 
weight of nitrogen, (C 4 H 4 S) 2 N being formed (Berthclot) i 

The following conclusions can be drawn from Berthclot ’s 
observations : 

1. All the investigated alcohols fix nitrogen, forming amido- 
like substances 

2 The ahphatic alcohols thereby lose hydrogen (excepting 
allyl alcohol), an atom of nitrogen replacing a molecule of 
hydrogen. 

3 The loss of hydrogen is related to the behavior of the 
hydrocarbons, which form the basis of the alcohols, when the 
former are subjected to the same conditions 

4. Phenols bind nitrogen in varying proportions, but without 
giving off hydrogen. 

5. The isomeric aliphatic alcohols behave alike. They 
thus differ from the three dihydroxybenzenes 

6. All aldehydes bind nitrogen by forming condensation 
products. Amines or amides are produced. These are closely 
related to the ammonia derivatives of the aldehydes, particularly 
the glycosins, glyoxalines, and polyamines containing little 
hydrogen 

7. Organic acids, just like the alcohols, aldehydes, and 
hydrocarbons, generally combine with nitrogen, but no hydro- 
gen, or but very httle, is split off. Only phthalic acid and 
fumaric (contrary to maleic) acid do not absorb nitrogen. 

8. Most of the investigated nitrogenous compounds absorb 
an additional quantity of nitrogen, and polyamines, polyamides, 
and condensation products seem to be produced. Exceptions, 
which do not show this behavior of absorbing nitrogen, are: 
ethylamme, allylamine, phenylhydrazine, sulphocarbamide, 
ethylenediamine, and propylenediamine. Methylamine and 
nitromethane even give off nitrogen; 'this is probably due to 
the low percentage of carbon. 

9. Aliphatic nitrogen-containing compounds in taking up 


^ Ann chim phys 11, 35 (1897). 
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nitrogen lose about as much hydrogen as their corresponding 
hydrocarbons and alcohols Compounds are produced whose 
cyclic character becomes more pronounced with an increasing 
number of carbon atoms in the original molecules Exceptions 
to this rule are compounds rich in oxygen, like mtroethane and 
glycocoll. 

10 Cyclical compounds in absorbing nitrogen do not give 
off hydrogen any more than cychcal hydrocarbons and 
phenols. Piperidine, on the contrary, being a hydrated com- 
pound, loses hydrogen in absorbing mtrogen, just like aliphatic 
substances 

11. All compounds taking up nitrogen by simple addition — 
without giving off hydrogen — i e., hydrocarbons, alcohols, alde- 
hydes, acids, and bases, when subjected to the influence of the 
silent discharge, yield substances which behave like amides or 
aminos Since the formation of these substances cannot, of 
course, be based upon a substitution of NH 2 , NH, or N in place of 
hydrogen, we must ascribe cyclic constitutions to the products 
obtained. 

12. The following table shows a comparison of polyamines 
formed from hydrocarbons, alcohols, and bases by reaction 
with nitrogen through the influence of the discharge. The 
formulae of the reaction products are not rational ones, but 
merely arranged in such a way that the quantities of the separate 
elements in the molecule always refer to four nitrogen atoms 
This is done to express, in a comparable manner, the atomic 
relations between the elements in the polyamines. 



Composition of Polyamines formed from 

Hydro- 

carbons. 

Alcohols 

Bases. 

Primary 

Secondary 

Tertiary. 

Methane Beries 
Ethane Beri^ 
Propane Series 
Ahyl Benes 

c'W' 

08H,,N„4HirO 

Cy,aN,.4H,0 

C hX.6H.O 

C„H,A 

CAN, 

C,H,eN, 

C„H«N, 
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The following relations result from the tables: 

For an equal weight of nitrogen the condensation of the 
hydrocarbon residue combined with the nitrogen increases in 
the transition from derivatives of hydrocarbons to those of the 
alcohols, excepting the polyammes resulting from the methane 
series This is very evident if the composition of the men- 
tioned hydrocarbon residues is referred to an equal number of 
carbon atoms The same mcrease is found if we pass from 
the derivatives of the alcohols to those of the primary bases, 
excepting the compounds of the ethane series This condensa- 
tion is twice as large with the products from diamines as with 
those from monammes. 

2. Behavior of Vapors towards Tesla Currents. 

A few remarks may be made here concerning observations 
in a realm which promises to become especially important for 
theoretical orgamc chemistry. It has been known for some 
time that highly rarefied gases or vapors, when subjected to 
the action of highly tensioned electric vibrations, become 
luminous. Hemptinne,^ by using Tesla currents and organic 
substances, has recently taken up the subject of the relation 
between luminosity and chemical action and the dependence 
of the phenomena upon the pressure. He found that the 
luminosity of the various substances in the arrangement of Tesla 
is dependent upon the pressure. A perceptible decomposition 
occurs from the beginning of the luminosity. 

A connection exists between the pressure at which the 
light effects of organic substances begin and their molecular 
weights; but these relations have not yet been sufficiently 
explained. 

H Kaufmann® has made extensive investigations concern- 

I Ztsohr f phys CEemie 22, 358, 28, 483 (1897); Bull de I’ Acad roy de 
Belg 11 , 775 (1902) 

^Zfcschr f physik Chem 26,719 (1898); 27, 519 (1898); 28, 673 (1899); 
Ber d deutsch chem. Gesellseh. 38, 1725 (1900); 34, 682 (1901); 85, 473, 
3668 (1902); 36, 561 (1903) 
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ing the luminosity of organic vapors under the influence of Tesla 
ciu rents at atmospheric pressure. He was thus enabled to for- 
mulate a senes of remarkable laws 

liis experiments were ai ranged in the following manner: 

The electric field in which the vapors are excited to lumi- 
nosity IS produced by a Tesla transformer, on the inside of a some- 
what wide test-tube which has been converted into an ozonizer. 
The outer layer, 5 cm high and consisting of thin sheet copper, 

IS wrapped half way up around the test-tube; the outer layer 
has a narrow vertical sht for conveniently observing the inside 
of the tube. The inner coat, of mercury or tin, is placed in a 
small, narrow glass tube, which is kept rigid and exactly in the 
axis of the test-tube by a stopper closing the latter. The 
stopper also supports a return-condenser arrangement, usually 
a rising tube. The substances to be investigated are placed 
in a solid or liquid state in the test-tube, and the whole tube 
IS then filled with vapor by vigorous boiling. 

Some unimportant changes in the arrangement, such as 
lowering the layers, etc., are made with very difficultly volatile 
substanee.s and such that readily char. 

The luminous phenomena in these ozonizers occur in the 
shape of more or less wide, colored bands of light, mostly in a 
horizontal and radial direction Non-luminous vapors either 
remain wholly dark or become,— this is oftener the case,— 
interspersed with green-colored sparks. The sparks very 
rapidly decompose the vapors, precipitating carbonaceous 
substances; the luminosity itself, on the contrary, produces 
only extremely trifling changes in the substances. 

The color of the luminous effects, in the majority of cases, 
is violet, with numerous gradations between blue and red, 
rarely yellow and green. 

The hitherto observed regularities refer to the vapors 
enaitting the first-mentioned colors. We shall emphasize only 
a few points among the great number of observations: 

1 . Aromatic substances usually possess an extraordinarily 
liigher luminosity than aliphatic compounds However, simple 
aromatic hydrocarbons like benzene, its homologues and benzene 
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derivatives, possessing two or more nuclei linked by aliphatic 
residues, are either non-luminous or only slightly so. But 
hydrocarbons containing two or more directly linked benzene 
nuclei like diphenyl, earbazol, and condensed nuclei like naph- 
thalene, anthracene, and phenanthrene show a brilliant violet 
luminosity. 

2 Substituents exert a powerful influence upon the light 
effects The introduction of several hydroxyl groups into 
aromatic hydrocarbons of one nucleus produces luminous 
effects which do not occur with only one hydroxyl group in the 
molecule The amino-group always excites luminosity even 
in mono-nuclear hydrocarbons The effect of the amino-group 
often enforces that of the hydroxyl group, thus aminophonols 
produce luminous effects which are often very intense. 

3. Acetyl, benzyhdene, nitro-groups, the halogens, chlorine, 
and bromine, and the carboxyl group, on the contrary, con- 
siderably decrease the luminosity, sometimes completely 

Kaufmann seeks to employ these facts for obtaining an 
insight into the ring system of benzene. Instead of using the 
term “constitution,^' he uses that of “condition,” and showis 
that in the luminous compounds the benzene nucleus is in an 
unstable condition, one in which it is disposed to change into 
a quinone-hke structure. The condition of the benzene nucleus, 
determined by the chemical behavior of the ring, changes from 
substance to substance in the greatest variety. These condi- 
tions have possibilities which are represented by the Kekuld, 
the diagonal (Claus and Korner), and the Dewar formula with 
only one para-bond. The condition characterized in the first 
formula, accordmg to Baeyer's investigations, is found in 
phloroglucin; the diagonal formula agrees excellently for phthalie 
acid; and the Dewar formula, for instance, for dimethyl-p- 
phenylenediamine. 

The conditions for most of the benzene derivatives differ 
from these three limiting ■ conditions and assume mostly an 
intermediate position which approximates more or less that of 
the one or other limiting condition. 
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The luminosity caused by the action of Tesla currents indi- 
cates that the ring of the respective substance exists in Dewar’s 
condition ; the stronger the luminosity the more pronounced the 
latter must be. 

The one para-bond in Dewar’s ring is unstable, and is char- 
acterized by the fact that it can easily be broken down by 
oxidizers; it thus differs from the three para-bonds of the two 
other formulcD. 

4. In the aliphatic series Tesla currents are absorbed and 
converted into light by the vapors of aldehydes and ketones; 
the caibonyl group is the sole carrier of the luminosity. The 
latter disappears with derivatives of aldehydes and ketones 
which do not ha\'e the carbonyl group The luminosity de- 
creases: Firstly, with increasing number of carbon atoms (intro- 
duction of methyl groups); secondly, with the entrance of a 
carboxethyl group; and thirdly, especially in the presence of 
a phenyl residue (benzaldohyde, acetophenone, etc , show no 
luminous effects) Ring ketones without a double bond be- 
tween carbon atoms can be luminous; such with double bonds 
cannot. 

Kaufmann explains the luminosity of aldehydes and ketones 
by the .supposition that the carbonyl group, the carrier of the 
luminous effects in those substances, can occur in various states 
or conditions, like the benzene nucleus Only such bodies 
which have the atoms of the carbonyl group loosely bound 
and in a reactive state can show luminosity Reactability 
and luminosity run parallel. The latter is, hence, present in 
aldehydes and ketones, but not in acids, acid anhydrides, esters, 
and amides, all of which contain the same group but in a con- 
dition of extremely trifling reactability; or, we can say, the 
atoms of this group are firmly bound. 

The luminosity of vapors under the influence of Tesla oscilla- 
tions is undoubtedly closely related £o the constitution of the 
substances. It also seems true that a continuous transition 
from the non-luminous to the luminous vapors takes place, so that 
only quantitative, but no substantial, differences exist between 
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the conditions characterized by the luminosity. In order to 
obtain a better understanding of the relations, it is neccssjiry 
'to measure these phenomena and, on the basis of quantitative 
determinations, to seek determinative connections, just as, 
for instance, has been done in the case of the conductivity of 
electrolytes. 
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Benzenephenyleneojamme, 196 
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Benzhydrol, 204, 205 
Benzhydrylamine, 205 
Benzidine, 136, 139, 140, 142, 160, 
161, 107 

Benzidine and nitrogen, 285 
Benzile, 209 
Benzilic acid, 209 

Benzoic acid, 134, 209, 211, 260, 
279 


Benzoic acid and nitrogen, 284 
Benzoic esters, 212 
Benzoic ethyl estei, 134 
Benzoin, 209, 283 
Benzoin and nitrogen, 283 
Benzonitrile, 121, 216 
Benzonitrile and nitrogen, 285 
Bcnzophenone, 204 
Benzophenone-oxime, 205 
Benzophenonepmacone, 205 
Benzotrichlonde, 259 
Benzoylazoxydiphenylamine, ISl 
Benzoyl bisulphide, 212 
Benzoylnitrodiphenylamme, 180 
Benzoylpipendme, 218 
Benzoylsulphonimides, 216 
Benzpmacoiine, 205 
Benzyl alcohol, 134, 212, 215 
Benzylamme, 121, 203, 215, 216 
Benzylamme and nitrogen, 285 
Benzyl chloride, 259 
Benzyl cyanide, 121, 216 
Benzyl cyanide and nitrogen, 285 
Benzyl etliers, 212 
Benzylidenephenylhydrazone, 203 
Benzylidenephenylhydroxylamme, 
138, 157 

Benzylidenetolylhydroxylamine, 1 68, 
169 

Benzylmalomc acid, 116, 213 
Benzylpiperidine, 218 
Blood, 229 
Bomool, 225 
Bromacetone, 71 
Broinamidocresol , 1 75 
Broinamidophenol, 1 75 
Bromanilines, 156 
Broinbenzene, 197 
Brom benzoic acid, 212 
Broinbenzoie esters, 212 
Bromine, 250 
Brommaleic acid, 115 
Bromnitrobenzene, 175 
Brommtrotoluene, 175 
Btonioform, 60, 71, 256 
Bromstyrene, 213 
Brucidine, 223 
Brucine, 222 
Butane, 86, 87 
Butandiol diannrl ether, 98 
Butyl alcohol, 74, 91 


Butyl caproyl, 95 

Butylenes, 90, 91, 92 

Butyl valerate, 90, 91 

Butyrates, 88, 101 

Butyric acids, 87, 89, 231, 232, 270 

Butyric aldehyde, 91 

Butyric ethyl ester, 108, 111 

Butyric isopropyl ester, 88 

Caffeine, 127, 129 
Camphidme, 228 
Camphidone, 228 
Campholytic acid, 226 
Camphor, 225 
Camphor and nitrogen, 283 
Camphoric acid, 225, 227 
Camphoric-acid-imide, 227 
Camphoric acid and nitrogen, 284 
Camphoric esters, 225 
Camphothetic acid, 226 
Cane-sugar, 68 

Caproic acid, 92, 101, 231, 232 
Caproic amyl ester, 92, 93 
Caprylic acid, 93 
Carbamic acid, 230 
Carbamide, 230 
Carbazole, 258 
Carbides, metal, 250 
Carbohydrates, 268 
Carbolic acid, see Phenol 
Carbon, 54, 250 
Carbon disulphide, 245 
Carbon disulphide and hydrogen, 269 
Carbon hydroxide, 55 
Carbonic acid, 76, 266 
Caibomc-acid derivatives, 121 
Carbon monosulphide, 269 
Carbon monoxide, 267 
Carbon monoxide and ammonia, 270 
Carbon monoxide and dioxide, 268 
Carbon monoxide and hydrochloric 
acid, 269 

Carbon monoxide and hydrogen sul- 
phide, 269 

Carbon oxysuiphide, 269 
Carbon suboxide, 266 
Carbon tetrachloride, 250, 255 
Carvacrol, 201 
Catalytic influences, 24 
Cataphoresis, 233 

Cathode material, 152, 167, 169, 171 
Cathodic depolarizers, 7 
Cathodic processes, 18 
CeUs, 40 

Cellulose and nitrogen, 283 
Chloracetic acids, 59, 85 
Chloracetone, 69, 70 
Chloral, 62 

Chloral hydrate, 68, 255 
Chloraminophenol, 175 
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Chloranilme, 138, 139, 140, 156, 174 

Chlorbenzene, 197 

Chlorbenzoic esters, 212 

Chlor-hydrocarbons, 250 

Chlorine, 250 

Chlornaphthalene, 197 

Chlornitrobenzene, 1 74 

Chlornitrotoiuenes, 175 

Chloroform, 60, 70, 253 

Chlorolorm and aniline, 254 

Chlorphenylmethylene, 259 

Chloi propionic acid, 87 

Chlortoluene, 197 

Chlortolmdme, 175 

Chrysamine G, 198 

Chrysanilme, 195 

Cinchomdine, 221 

Cinchonine, 221 

Cinnamic acid, 213 

Cinnamic aldehyde and nitrogen, 283 

Cinnamic ester, 214 

Citraconic acid, 116 

Coca-alkaloids, 219 

Cocaine, 219 

Codeine, 220 

Collodion, 68 

Colloids, 233 

Congo, 198 

Cotainme, 220 

Cresol, 258 

Cresotinic acid, 201 

Crotomc acid and nitrogen, 284 

Cro tonic aldehyde, 98, 116 

Cyanacetates, 85 

Cyanacetic ester, 98 

Cyanides, 251 

Cyanogen, 121, 247, 251, 252 
Cyclohexanone, 231 

Decahexanedicarboxyhc acid, 115 
Decane, 92, 93, 95, 107 
Decanedicarboxylic acid, 1 14 
Dehydracetic acid, 284 
Depolarizers, 6, 7, 8 
Desoxy-bodies, 127, 128 
Desoxycaffeme, 129 
Desoxyguamne, 130 
Desoxiyneteroxanthine, 128, 129 
Desoxy theobromine, 129 
Desoxyxan thine, 127 
Dextrine, 68 

Dextrine and nitrogen, 283 
Diacetyl, 100, 101 
Diacetyldiamidoazoxybenzene, 178 
Diaoetylsuccmic ester, 100 
Diaiunc acid, 123 ' 
Diamidoanthraqumones, 192 
Diamidoanthrarufindisulphomc acid, 
192 

Diamidoazobenzene, 164, 177 


Diamidobenzenc, 164, 178 
Diamidobenzhydrols, 208 
Diamidobutane, 123 
Diamidochi ysazmdisul phonic acid, 
192 

Diamidocresol, 173 
Diamidodibenzyldisul phonic acid, 188 
Diamidodimethylovyphenazoue, 3 74, 
179 

Diamidonitrophenol, 176 
Diamidopentane, 74 
Diamidophenantlirenequmone, 1 92 
Diamidophena/one, 174 
Diamidophenol, 173, 170, 177 
Diamidophenyltolyimethane, 1 70 
Diamidopropane, 123 
Diamidostilbene, 173 
Diamidostilbenodihiilphonic acid, 187, 
188 

Diamhdoquinoneaml, 176 
Dianihidme-blue, 198 
Diatomic alcohols, 03 
Diazoamido-com pounds, 1 94 
Diazo-compounds, 194 
Dibasic acids, 102 
Dibcnzyl acetic acid. 214 
Dibenzylketone, 208 
Dibenzylsucciiue acid, 214 
Dibromanthracjumoiie, 210 
Dichlo! acetic acid, 85 
Dichloracetone, 09 
Dichloranihne, 175 
Dichlormethylene, 254 
Dichlornitrobenzene, 175 
Dichlorpropionic acid, 87 
Dichlorpropionic dichlorcthyl ester, 
87 

Diethylamme, 67 

Diothylaminonium diet hylditliiocar- 
hamate, 131 
Diffusion theory, 30 
Dihydroquinoline,' 218 
Dihydroxyiamme, 145 
Diisobutane, 90 
Diisobutyl, 91 
Dusopropyl, 89 
Dimethylamme, 284 
Dimethyianiline, 198 
Dimethylbenzaldehydes, 134 
Dimethyl benzamide, 215 
Dimethyibenzimidazoie, 179 
Dimethyibemylamine, 215 
Dimethyldiamidoazobenzene, 178 
DimethyldiamidophenoL 178 
Dimethylethanetetracarboxylic i^cid, 
108 

DimethyIoxy<Jihydi*opurin, 129 
Dimethyloxypuron, 129 
Dimethyloxypunmnethylhydroxide, 
129 
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Dimethylphenazone, 174 
Dimethylpipeiylhydrazme, 193 
Dimefhvlpiiion^ 120 
1)1 K I '1 Ip\ 'aziii(‘ 7 
J )j[*h riijt Ipv cS/(»li(l] 74 
Dimethylsuccinic acid, 107 
Dimethyltoluidme, 170, 171 
Dimethyltoluylenediariime, 180 
Dimethyl unc acids, 126 
Dimethylxanthme, 129 
Dimtioamsidme, 174 
Dmitioanthiarufindisulphomc acid, 
192 

Dmitroanthraqmuone, 192 
Dimtrobenzene, 173 
Dimtiobenzidme, 174 
Dimtrobenzoic acid, 173 
Dmitrochrysazindisulphonic acid, 192 
Dmitrodibenzyldisulphonic acid, 188 
Dinitrodiphenyl, 1S5 
Dimtroditolyl, 174 
Dimtroethaneteti acai boxylic acid, 
109 

Dimtronaphthalene, 191 
Dinitrophenanthi enequmone, 1 92 
Dmitrophenol, 3 76 
Diiiitrostilbene, 173 
Dinitrostilbenedisuiphomc acid, 187, 
188 

Dinitrotetraethyldiamidodiphenyl, 

174 

Dmitrotetramet hyldiamidodipheny 1, 
174 

Dimtrotoluene, 173 
Dioctyl, 93 
Dioxy-acids, 96, 98 
Dioxyanthraqumone, 210 
Dioxy benzene, 232 
Dioxybenzoic acid, 234 
Dioxybutync acid, 99 
Diphenol, 231 

Diphenyl, 212, 248, 249, 257 
Diphenylamine, 195, 258 
Diphenylamme and chloroform, 258 
Diphenyibenzene, 257 
Diphenylenedianiine, 272 
Diphenylmethane, 205 
I)iph6nylthiocar3)azide, 131 
Disulphide, acetyl, 85 
Dithiocarbamic acid, 131 
Dithiondisulphidch, 131 
Dithymoldiiodide, 201 
Ditolylamine, 195 
Dodecane, 93, 95 
Dodecanedicarboxyhc acid, 115 
Dow$on gas, 240 ' 

Electnc flame, 249 
Electrode potential, 14 
Electrode processes, 18 


Electrodes, 18, 51 
Electrolysis of mixtures, 94 
Electrolytic processes, 10 
Electropyrogemzer, 242 
Endosmose, electric, 233 
Eosm, 201, 202 
Erythnte, 65 

Ethane, 59, 79, 81, 116, 271, 275, 276, 
278 

Ethane and carbon monoxide, 271 
Ethane and nitrogen, 271 
Ethanehexacarboxylie ester, 117 
Ethanetetracarboxyhc ester, 108 
Ether, ethyl, 246, 247, 253 
Ethers and nitrogen, 281 
Ethoxybenzophenone, 206 
Ethoxybenzpmacolme, 206 
Ethyl alcohol, 59, 97, 247, 274 
Ethyl alcohol and mtrogen, 280 
Ethylamme, 57, 67, 121, 248 
Ethylamme and mtrogen, 284 
Ethylaminophenol, 223 
Ethylamhne, 215 
Ethylcrotonic acid, 108 
Ethyl cyanide, 248 
Ethyldioxysulphocarbonate, 131 
Ethylene, 81, 86, 106, 110, 116, 245, 
246, 247, 248, 252, 253, 256, 273, 
275 

Ethylene and nitrogen, 271, 278 
Ethylene cyanide, 82 
Ethylenediamme and mtrogen, 285 
Ethylenedihydroxylamme, 73 
Ethylenelactic acid, 98 
Ethylene oxide and nitrogen, 281, 
282 

Ethyl ether, 246, 247, 258 
Ethyl ether and nitrogen, 281 
Ethyl glycollic ether, 97 
Ethylhydroxylamme, 57 
Ethylideneimme, 67 
Ethylidene oxyethyl ether, 59 
rthylidono pbmvlhydrazone, 67 
I rlivliiuloiiK add, 108, 114 
1 i}i\lriici*‘yhitoTic acid, 92 
Ethylphosphonc acid, 66 
Ethyl potassium diethylmalonate, 
107, 108 

Ethyl potassium dimethylmalonate, 
107, 108 

Ethyl potassium ethylmalonate, 107 
Ethyl potassium fumarate, 115 
Ethyl potassium glutarate, 113 
Ethyl potassium maleate, 115 
Ethyl potassium malonate, 103, 104 
Ethyl potassium methylmalonate, 
107, 112 

Ethyl potassium oxalate, 105 
Ethyl potassium succinate, 112 
Ethyl propionate, 86 
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Ethyl pyrrolidone, 120 
Ethylsuccmic acid, 117 
Ethyl-sulphuric acid, 59, 00, 06 
Ethyltartanc acid, 117 
Ethyltetrahydroqumoline, 218 
Ethyltolmdme, 215 
Ethyl tnthiocarbomc acid, 131 
Ethyl urea, 122 
Eugenol, 202 
Excess potential, 20, 27 
Experimental arrangements, 44 

Hammg discharge, 249 
Fluor-albumens, 229 
Fluorescein, 201, 202 
Formaldehyde, 57, 58, 66, 67, 76, 
93, 97, 98, 99, 117, 157, 171, 251, 
' 253, 267, 268, 209, 270 
Formaldehyde and nitrogen, 283 
Formamide, 270 

Formic acid, 56, 63, 64, 65, 66, 68, 
69, 76, 77, 96, 97, 98, 99, 105-111- 
117, 231, 245, 248, 250, 253, 257, 
266, 267, 270, 277 
Formic acid and nitrogen, 283 
Formic ester, 59, 78 
Formic ethyl ester, 278 
Formic methyl ester, 278 
Formic methyl ester and nitrogen, 
283 

Formyl chlonde, 256, 269 
Formylphenyl ether, 182 
Fulmmuric acid, 109 
Fumanc acid, 115, 284 
Furfurol and nitrogen, 283 


Gallammic acid, 214 
Gallic acid, 202, 214 
Generator gas, 246 
Glucose, 62, 68, 203 
Glucose and nitrogen, 285 
Glutanc acid, 112, 232 
Glutaric diethyl ester, 112 
Glyceric acid. 64, 98, 279 
Glyceric aldehyde, 64, 279 
Glycerine, 64, 276 
Glycocoll and nitrogen, 285 
Glycol, 63, 276 

Glycollic acid, 64, 96, 97, 105, 279 
GlycoUic acid and nitrogen, 284 
Glycollic ethyl ether, 97 
Glyoxal 67, 73, 277 
Glyoxalic acid, 73 
Glyoxime, 67, 73 
Glyoxylic acid, 67, 105 
Grape-sugar, 68 
Graphitic acid, 68, 64 
Guamne, 127, 130 
Gum arabic, 68 


Heptane, 95 
iieptyhc acid, 93 
Ileteioxanthme, 128 
Hexachlorbenzene, 250 
Hexachloi hexane, 90 
Hexamcthylenctetianiiiu^ 67, 281 
Hexane, 88, 89, 101, 252 
Hexarnethylethane, 92 
Hexaoxymetliylene peio\id<% 253 
Hexylenegiycoi, 99 
Hydantoin, 122 
Hydracrylic acid, 99, 111 
Hydrastmme, 220 
Hydrazoamsol, 176 
Hydrazobenzene, 1 36~1<M)-163 
Hydrazobenzoic acids, 183, 184 
Hydrazobenzoin, 203 
Hydrazo-compounds, 111 
Hydrazonaphthalenesul phonic acid, 
191 

Hydrazophthalic acid, 186 
Hydrazotoluene, 136, 168, 109, 171 
Hydrazoxylene, 171 
Hydroanthranols, 210 
Hydroanthraqmnoiie, 210 
Hydrobenzoin, 203 
Hydrocarbons, 54, 133, 244, 270 
Hydrocinnamic acid, 213, 21 i 
Hydrocyanic acid, 121, 245, 246, 247, 
249 

Hydrocptarnme, 220 
Hydrohydrastmme, 220 
Hydropnenoketone, 232 
Hydrophenazone, 173 
Hydroqumaldme, 219 
Hydroquinolme, 218 
Hydroqumono 133, 201, 218, 231 
Hydroqumone and nitrogen, 281 
Hydroqmnonecarboxyhc acid, 133 
Hydroqumono ether, 200 
Hydroqumono-p-mtrodiphenyi ether, 
177 

Hydrouracyl, 123, 124 
Hydroxycatleme, 127 
Hydroxylamme, 57, 145 
Hydroxyl-compounds, 57 
Hypoxantiime 127 
Humus substances and nitrogen, 283 

Imides, 118 

Indigo reduction, 216, 217 
Indigotin and nitrogen, 285 
Indol and nitrogen, 285 
Induline dyes, 196 
Iodine, 250 

lodonitrobenzene, 175 
Iodoform, 60, 72, 87, 119 
lodo^ropiomc acid, 87 
Isetmomc acid, 66 
Isoacetyl-o-aminophenol, 223 
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Isoamyl alcohol, 63 
Isoamylphosphonc acid, 66 
Isoamylsulphuiic acid, 66 
Isoamylxanthate, 131 
Isobutylacetic ester, 112 
Isobutyl alcohol, 91 
Isobutylcresol, 201 
Isobutylene, 92 
Isobutyl isovalerate, 91 
Isobutylphenol, 201 
Isobutyl valerate, 91 
Isobutyl xanthate, 131 
Iso butyric acid, 87, 89 
Isobutyric aldehyde, 91 
Isobutyric isopropyl ester, 88 
Isoeugenol, 202 
Isohydrobenzoin, 203 
Isohexane, 89 
Isolauronic acid, 227 
Isonitroacetone, 74 
Isopropyl alcohol, G3 70, 88, 89, 276 
Isopropyl alcohol and nitrogen, 280 
Isopropylamine, 73 
Isopropylamme and nitrogen, 284 
Isopropyl pyrrohdone, 119 
Isopropylsuccimmide, 119 
Isopuions, 125, 126 
Isovalenc acid, 63, 90 
Itacomc acid, 115, 116 

Ketones, 66, 69, 276 
Ketones and nitrogen, 282 
Ketones, aromatic, 202 
Ketonic acids, 99 
Ketoximes, 72 

Lactic acids, 97, 100 
Lactic acid and nitrogen, 284 
Lirvulimc acid, 100, 102 
Linvulimc acid and nitrogen, 284 
Laurolene, 226 
I^ead diacetate, 81 
I^ead tetracetate, 81 
Ijeucaniline, 195 


Maleic acid, 115, 284 
Maleic acid and nitrogen, 284 
Malic acid, 116 
M^lic acid and nitrogen, 284 
Malonic acid, 106, 112, 231 
Maionic ester, Il7 
Malonyl urea, 123 
Mandehc acid, 215 
Mannite, 65, ^ 

Meconic acid, 220 
Mellogen, 64, 121 
Mdlitic acid, 120 
Mercaptans, 65 . , _ 

Mercurargon phenide, 272 


Mercuric-iodide compounds of alco- 
hols, 62 

Mercury methide, 272 
Mercury phenide, 272 
Mesaconic acid, 116 
Mesitylene, 134 
Mesitylemc aldehyde, 134 
Mesityloxide, 70 
Mesoxalyl urea, 124 
Metamiic acid, 187 
Methane, 58, 81, 110, 244, 245, 248, 
250, 252, 253, 270, 273, 276, 277, 
278 

Methane and carbon dioxide, 270 
Methane and carbon monoxide, 270 
Methane and nitrogen, 271 
Methane and oxygen, 270 
Methanetncarboxylic acid, 117 
Methodics, 40, 235 
Methoxylglycollic acid, 97 
Methylacetate, 57, 79, 81 
Methylacrylic acid, 108 
Methylal, 57, 97, 282 
Methyl alcohol, 57, 83, 97, 111, 250, 
253, 268, 273 

Methyl alcohol and nitrogen, 270 
Methylamine, 57, 67, 195, 248 
Methylamine and nitrogen, 284 
Methylanilme, 194, 285 
Methylazobenzene, 189 
Methyl benzyl ether, 212 
Methylcaproyl, 95 
Methylcarbomc acid, 58 
Methyldesoxyxanthme, 128, 130 
Methyldiphenylamme, 195 
Methylene di-p-anhydroamidobenzyl 
alcohol, 158 
Methyl ether, 79 
Methyl ether and nitrogen, 281 
Methylethyl-a-amino-^-naphthol, 224 
Methylethylammophenol, 224 
Methylethylketone, 74 
Methylethylketoxime, 73 
Methylethyl-/?-naphthomorpholone, 
224 

Methylethylpmacone, 74 
Methyl formate, 57, 81 
Methylglycenc acid, 99 
Methylglycidic acid, 99 
Methylglyoxime, 67 
Methylhydroxylamine, 57 
Methylhydrocmnamic acid, 212 
Methylisopurons, 126 
Methylmalonic acid, 108 
Methylmorphine, 220 
Methylnaphthomorpholine, 224 
Methylnaphthomorpholone, 224 
Methyl oxide, 110 
Methyloxydihydropurins, 128 
Methyloxypurm, 128 
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Methylphenomorpholme, 224 
Mcrliylphenoinoipholone, 224 
Moihy] phenyl caibinol, 201 
Merh\ Ipipcrylhydraiiine, 192 
Methylpropylketone, 102 
Methylpurons, 126 
Methylqumolme, 219 
Methylsuccimc acid, 113 
Methyl-sulphuric acid, 57, 65 
Methyl trimethylene urea,' 122 
Methyluiacyl, 122 
Methyl uric acids, 126 
Methylxanthine, 128 
Methylxanthate, 131 
Michler’s ketone, 207 
Monobasic acids, 77 
Monobasic alcohol-acids, 95 
Monobasic ketomc acids, 95 
Monobromacetone, 09, 71 
Monochloracetic acid, 85 
Monochloracetone, 69 
Morphine, 220 
Morpholines, 223 
Morpholones, 223 

Naphthalene, 134, 249, 251 
Naphthazarme^ 191 
Naphthol, 154, 201 
N aphtholphentriazole, 1 90 
Naphthomorpholones, 223 
Naphthoquinone, 134 
Naphthylamine, 155, 167, 191, 195 
Naphthylenediamine, 191 
Nicotine, 285 

Nitranilmes, 164, 166, 167, 177 
Nitriles, 118, 121, 215 
Nitriles and nitrogen, 285 
Nitroamines, 137, 165 
Nitroamido-o-benzyl alcohol, 170 
Nitroacetamiide, 178 
Nitroacetophenone, 183 
Nitroacid-mtnles, 166 
Nitroanisol, 165, 175, 176 
Nitroanthraqumone, 101, 210 
Nitrobenzaldehyde, 169, 172, 181, 

188 

Nitrobenzene 

(1) General observations, ISS-MS 

(2) Reduction of, 145-163 

(3) Substitution products, 163-107, 

184,189, 257 

(4) — and nitrogen, 285 
Nitrobenzeneazonaphthol, 190 
Nitrobenzeneazophenol, 190 
Nitrobenzeneazosahcylic acid, 190 
Nitrobenzenecarboxylic acid, 166 
Nitrobenzenesulphonic acids, 166. 

183, 186, 189 

Natrobenzoic acids, 172, 183, 188, 189 
Nitrobenzoic esters, 184 


Nitrobenzonitnles, 186 
Nitiobenzophenone, 1S3 
Nitrobenzyl alcohol, 108, I7l 
Nitrobenzylanilme, 172 
Nitrobenzylidenealdehydophenylhy- 
droxylammes, 182 
Nitro-bil ter-almond-oil-giccn, 1 81 
Nitrocai boxy he acids, 137 
Nitrocmnamic acids, 185 
Nitio-compounds, aromatic, 135 193 
Nitrocumic esters, 185 
Nitrocyanacetamide, 109 
Nitro-derivatues, 56 
Nitrodiamidotolylmethane, 18 1 
; Nitrodiamidotnphenyl methane, 181 
Nitrodiethylamline, 1?0 
Nitrodimethylanihne, 177, 178 
Nitrodimethyltohudme, 179 
Nitrodiphenyl, 173 
Nitrodiphenylamme, 180 
Nitroetnane, 57 

, Nitroethane and nitrogen, 285 
Nitrogen, 246, 251 
Nitrogen and 'v^ater, 270 
Nitrogen and carbon monoxide, 268, 
270 

Nitrogen and hydrocarbons, 271-273 
Nitrogen, binding ol, to organic sub- 
stances, 279 

Nitrogen compounds and nitrogen, 
284 

Nitrohydroqumone, 133 
Nitroketones, 181 
Nitroleuco-bodies, 1 8 1 
Nitroleucomalachito green, 172 
Nitromalonamide, 109 
Ntromalonic acid, 109 
Nitromethane, 56 
Nitromethane and nitrogen, 285 
Nitiomethylamlme, 178 
Nitronaphthalene, 190 
Nitronaphthalenesulphomc acid, 191 
Nitronaphthyiamine, 190 
Nitronaphthyl ethyl ether, 191 
Nitrooxyanthraqumone, 191, 210 
Nitrophenanthrene, 192 
Nitrophenanthrenequinone, 192 
Nitrophenetol, 176 

Nitrophenols, 133, 136, 166, 175, 176 
Nitrophenyl ethers, 177 
Nitrotolyl ether, 177 
Nitrophenyitolylketdne, 183 
Nitrophthalic acids, 186 
Nitropropane, 57 
Nitroprusside, sodium, 127 
Nitroqumoline, 193 
Nitroso^dehydecopellidine, 193 
Nitrosobenzene, 135^163 
NitroscKCompounds, 134-163 
Nitrosodiet%lamline,i 179 
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Nitrosopipendine, 192 
Nitiosobtyrol, 190 
N itrosotetrahydi oquinolme, 1 93 
N itrosotrimethylpiperidme, 1 93 
Nitrotetraetbyldiamidotriphenylme- 
thane, 181 

Nitrotetramethyldiamidotnphenyb 
methane, 181 

Nitrotoluenes, 136, 141, 164, 168-172, 
189, 258 

Nitrotoluenesulphomc acids, 173, 186, 
187 

Nitrotoluic acid, 185 
Nitrotoluidmes, 179 
Nitrotoluqumolines, 150, 193 
N itrotolyiamidophenylmethane, 172 
Nitroxylenes, 172 
Nosophen, 201 

Octane, 90, 95 
Octandion, 100, 102 
Ot todecaiidi-acid, 115 
OEnanthylic acid, 93 
Olefines, 93 
Oleic acid, 94 
Opium, 220 
Oiange II, 198 

Osmotic pressuio, electrolytic, 26 
Osmotic theory, 26 
Oxalic acid, 05, 104, 110, 231, 232, 
279 

Oxalic esters, 105 
Oximes, 203 
Oxy-acids, 9{> 

Oxyamidoisophthalic acid, 186 
Oxyamidoqumohne, 193 
Oxyanthranol, 210 
Oxyanthraquinones, 210 
Oxyanthranilie acid, 1 84 
Oxybenzoic acids, 214 
Oxybonzoic acids and nitrogen, 284 
Oxybenzophenone, 207 
Oxylienzophenone-benzoate, 207 
Oxy}>onzpinacone, 207 
Oxy benzyl alcohol, 203 
Oxybutyric acids, 98, 99 , 
Oxycaroostyril, 185 
Oxycarboxyiic acids, 214 
Oxyeaproic acid, 232 
Oxydihydropurin, 128 
Oxydimorphine sulphaf,e, 220 
Oxyphenanthrenequinones, 210 
Oxypropionic acids, 97 
Oxypunns. 128, 130 
Ox^rimethylene urea, 123 
Oxypyronedicarboxyhe acid, 220 
Ozenizers, 263 


Parabamc acid, 122, 168 
Paraldehyde, 276 
Paraldehyde and nitrogen, 283 
Peat, 233 

Pelargomc acid, 93 
Pentenecarboxylic ethyl ester, 114 
Perbrombenzene, 256 
Perbrommethyiene, 253 
Percarbomc acid, 77 
Ferchlorbenzene, 253, 254, 255 
Perchlorethane, 253 , 254, 255 
Perchlorethylene, 250, 253, 254, 255 
Persulphide, acetyl, 85 
Petroleum, 250 
Phenanthrenequmone, 210 
Phenazone, 173 
Phenetidme, 176 
Phenol, 199, 20^, 231, 232, 276 
Phenol and nitrogen, 281 
Phenolphthale in, 20 1 
Phenols, 199 
Phenomorpholone, 223 
Phenose, 134 
Phentriazole, 189, 190 
Phenylacetic acid, 213, 215 
Phenylacetic ester, 78 
Phenyl chloramine, 157 
Phenyldisulphide, 201 
Phenylenediamine, 164, 167, 177, 178, 
19o, 285 

Phenylethylamine, 204, 216 
Phenylglyceric acid, 215 
Phenyihydrazme and nitrogen, 285 
Phenylhydrazones, 67, 203 
Phenylhydroxyiamine, 1 38-1 46-155- 
163 

Phenylisocyamde, 163, 254 
Phenyllactic acid, 215 
Phenylmercaptan, 201 
Phcnvimethvlene, 259 
Phcnylnaphthylcarbinol, 206 
Pherni riapht liylkeroric 206 
Phen\lnaphth\lpmaconc, 206 
Phenyl pyriolidonc 119, 215 
PhenvKulpliocarba/inic acid, 131 
PhenyKulphuric acid 230 
Phcnyltolylamine, 195 
Phenyltolylcarbmol, 206 
Phenyltolylketone, 206 
Phenyltolylpmaeone, 206 
Phenyixylylcarbinol, 206 
Phenylxylylketone, 206 
Phenylxylyipmacone, 206 
Phorone, 70 
Phosgene, 255, 256 
Phthalic acid, 116, 134, 212 
,Phthalic ester, 212, 213 
' Phthalylammobenzophenone, 207 
Picolme, 218 
Picramic acid, 176 
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Picric acid, 176, 199 
Pimeiic acid, 114 
Pinacoimes, 207 
Pmaconcs, 70, 207 
Pipecoline, 192, 218 
Pipecolyihydiazme, 193 
Piperidine, 192, 218 
Piperidine and nitrogen, 285 
Piperyihydiazme, 192 
Pivalic acid, 92 
Polyammes, 283 
Poly basic acids, 116 
Potassium acetate, 95, 97, 101, 108, 
111, 214 

Potassium butyrates, 88, 101, 108, 214 
Potassium caprcate, 93, 214 
Potassium cyanacetate, 85 , 
Potassium cyanate, 120 
Potassium cyanide, 120 
Potassium ethyl-carbonate, 59 
Potassium ethyl malonate, 108 
Potassium ethyl succinate, 111 
Pota«'=ium othvH^ioccT'horato 131 
Pot i-ji lU' ( :r(\ u-, lO 120 
Pora-' .Cl o( j .1 do, 1 20 
Potassium glycollate, 97 
Potassium heptylate, 93 
Potassium isethionate, 66 
Potassium isoamyl-phosphate, 66 
Potassium isoamyl-sulphate, 66 
Potassium isoamylxanthate, 131 
Potassium isobutylxanthate, 131 
Potassium isobutyiate, 112 
Potassium laevulmate 100, 102 
Potassipm methyl-carbonate, 58 
Potassium methylxanthate, 131 
Potassium cenanthylate, 95 
Potassium percarbonate, 77 
Potassium phenylsulphocarbazmate, 
131 

Potassium propionate, 86, 108 
Potassium pyroracemate, 100, 101 
Potassium succinate, 110 
Potassium tnchlormethylsulphonate, 
65 

Potassium valerate, 95 
Potassium xanthate, 6, 131 
Potential difference, 44 
Potential, electrode, 14 
Potential, excess, 20 
Propionic acid, 63, 64, 86, 100, 279 
Propionic acid ana mtrogen, 284 
Propionic aldehyde, 63, 89, 98, 114, 
279 

Propionic aldehyde and mtrogen, 282 
Propionic esters, 108 
Propyl alcohols, 63, 88, 89, 113, 114, 
276 

Propyl alcohols and nitrogen, 280 
Propylamine, 57, 121, 284 


Propylbenzene, 214 
Piopyi butyiate, 89 
Propylene, 88, 113, 114, 271 
Piopyleno and nitrogen, 271 
Piopylene bromide, 88 
Propylenediamine and mtiogen, 285 
Piopylene oxide, 1 1 J 
Piopyihydrocmnamio ester, 244 
Piopyihyclioxylamine, 57 
Propyinitnle, 121 
Propylp&eudonitiole, 73 
Prussian blue, 120 
Pseudocumene, 134 
Pseudomtroles, 72 
Pseudotropme, 219, 220 
Purms, 122 
Puions, 125, 126 
Puipurin, 210 
Puipurogallm, 202 
Purpurogallmcarboxyiic acid, 202 
Pyrazolidme, 74 
Pyridine, 218, 285 
Pyridine derivatives, 217 
Pyrocatechm, 231 
Pyrogallol, 202 
Pyrogallol and nitrogen, 282 
Pyrometers, 239 
Pyroraceimc acid, 100, 101, 102 
Pyroracemic acid and nitrogen, 284 
Pyrotartanc acid, 113 
Pyrrol and mtrogen, 285 
Pyrrolidone, 119 

Quinaldme, 219 
Qumhydiono, 133 
Qumia bases, 221 
Quinine, 221 
Qumizarm, 210 

Quinone, 133, 164, 165, 177, 180, 194, 
201 

Qumone and nitrogen, 283 
Qmnonedumide, 164 
Quinonehydrone, 202 

Kacemic acid, 117 
Reaction temperatures, 238 
Reaction velocity, 1 1 , 30 
Resorcin, 201, 2u2 
Resorcin and nitrogen, 281 
Roeceline, 198 
Rosamlme, 181, 195 

Saccharic acid, 68 
Saccharic aldehyde, 65, 203 
Sacchann, 216 
Safranine, 195 
Salicin, 203 
Salicyl alcohol, 203 
Salicylaldehydephenylhydrazone, 204 
SalicyDa-osazone, 204 
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Salicylic acid, 133, 201, 214, 258 
Salicyhc-acid-phentiiazole, 110 
Salicylic aldehyde, 283 
Salicylosazone, 204 
Saligenm, 203 

Saligenm-glucose, see Salicm 
Saliretin, 203 

Sandmeyer-Gattermann reaction, 
eloctioiytic, 196 
Saicme, 127 
Saicolactic acid, 98 
Sebasic acid, 115 
Sebasic diethyl ester, 114, 115 
Short-circuiting cells, 50, 180 
Silent electric discharge, 235, 261 
.Sodium acetoacetic estei, 100 
Sodium dichloracetate, 85 
Sodium dichloipiopionate, 87 
Sodium formate, 81 
Sodium glycoliate, 97 
Sodium lodopropionate, 87 
Sodium malonic diethyl ester, 108 
Sodium nitropiusside, 120 
^Sodium propionate, 86, 111 
Sodium succinate, 111 
Spark discharge, 244 
Standard electiodes, 45 
Stilbene, 259 
Strychnidme, 222 
Strychnine, 221 
Strychnos bases, 221 
Suberic acid, 113, 115 
Substances reducible with difficulty, 
23 

Succmanil, 119, 215 
Succinic acid, 109, 115, 231, 232 
Succinic diethyl ester, 103, 112 
Succmimide, 119 
Sugai , 268 

Sugar-juice purification, electrolytic, 
69 

Sulphoanthranilic acid, 214 
Sulphoazobenzoic acid, 189 
Sulphobenzoic acid, 1 34, 212, 213 
Sulphocarbamide, 285 
Sun yellow,'^ 173, 187 

Tannic acid, 202 
Tannic, 214 
Tanning, electric, 234 
Tartaric acid, 110, 116 
Tartaric acid and nitrogen, 284 
Tartronyl urea, 123 
Terephthalic acid, 213 
Tesla currents, 261, 288 
Tetracetylethane, 74 
Tetrachlorhexyleneglycol, 90 
Tetrachlormetliane, 255 
Tetradecane, 93 

Tetraethylarnmonium chloride, 118 


Tetraethylammomum triiodide, 118 
Tetraethyldiammophenazone, 174 
Tetraethylthiuramdisulphide, 131 
Tetrahydrobrucme, 222 
Tetrahydroqumaldme, 219 
Tetrahydroqmnohne, 193 
Tetrahydrostrychnme, 222 
Tetrahydrouric acid, 125 
Tetraiodophenolphthalem, 201 
Tetramethylammonium hydrate, 118 
Tetramethylbenzidine, 198 
Tetramethyldiamidoazobenzene, 1 77 
Tetramethyldiamidoazotoluene, ISO 
Tetramethyldiamidobenzophenone, 
207 

Tetramethyldiamidodiphenylmeth- 
ane, 208 

Tetramethyldiamidohydi azotoluene, 
180 

Tetramethyldiamidophenazone, 1 74 
Tetramethyldiamidophenazone ox- 
ide, 174 

Tetramethylpuron, 127 
Tetramethylsuccinic acid, 107 
Tetramethyluric acid, 127 
Tetraphenylerythrite, 209 
Tetraoxyazobenzene, 133 
Tetraoxydibromanthraqumone, 210 
Thalleioquin, 221 
Theobromine, 127, 129 
Theoretics, 6, 235 
Thioacetic acid, 85 
Thiobenzoic acid, 212 
Thiocarbonic acid derivatives, 130 
Thioformaldehyde, 269 
Thiophene, 286 
Thmramdisulphide, 131 
Thymol, 200 
Tolane chlorides, 259 
Tolidme, 168 
Toluene, 134, 249 
Toluenesulphamide, 216 
Toluenesulphonamide, 216 
Toluenesulphonic acid, 213 
Tolmc acid, 213 
Toluic aldehydes, 134 
Tolmdme, 136, 140, 167, 169, 170, 
195 ^ 

Toluidines and nitrogen, 285 
Tolunitrile and nitrogen, 285 
Toluylenediamine, 179 
Tolylpyrrolidone, 120 
Tolylsuccmimide, 120 
Tnamidotnphenylme thane, 199 
Tribromhydrm, 248 
TncarbaUylic acid, 117, 118 
Trichloracetic acid, 85, 255 
Trichloracetic trichlormethyl ester, 
85 

Trichlorbutyrate, 90 



308 


INPEX 


Tnchlorbutyric acid, 90 
Trimethylacetic acid, 92 
Trimethylamme, 248 
Trimetiiylamme and nitrogen, 284 
Tnmethylcarbmol, 91, 92 
Tnmethylene, 271 
Trimethylenetritoluidine, 170, 171 
Trimethylene urea, 123 
Tnmethylethylene, 253 
Trimethyhsopuron, 127 
Trimetbylmethyl isovalerate, 91 
Trunethyloxydihydropuron, 129 
Tnmetiiylpiperylhydrazine, 193 
Trimethylpuron, 127 
Trimethylunc acid, 127 
Trimetiiylxantliine, 129 
Tnnitrobenzoic acid, 173 
Trimtrophenol, 176 
Trinitrotoluene, 173 
Trioxyanthraquinone, 210 
Triphenylguanidme, 254 
Triphenylmethane dyes, 199 
Tnoxymethylene, 64, 65, 68, 253 
Tnoxymethylene and nitrogen, 283 
Tropic acid, 219 
Tropme, 219, 220 


Tropinone, 219, 220 
Turpentine, 273 

Unattackable electrodes, 18 

Undecylenic acid, 94 

Unsaturated acids, 115 

Unsaturated esters, 108 

Uramil, 124 

Urea, 270 

Unc acid, 122, 125 

Valeric acids, 90, 92, 231, 232 
Valeric ethyl ester, 108, 111 
Vanillin, 202 

Vapors and Tesla currents, 288 
Velocity of reaction, 11, 13 
Violunc acid, 124 
Voltaic arc, 244, 249 

Xanthates, see Potassium xantliate 
Xanthate, potassium, 131 
Xanthic disulphide, 6 
Xanthic supersulphide, 131 
Xanthine, 127 
Xylenes, 134 
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“ “ “ Part Two (Turnbull ) i 2 mo, 

* Penfield’s Notes on Determinative Mineralogy and Record of Mineral Tests 

8vo, paper, 

Pictet’s The Alkaloids and their Chemical Constitution (Biddle ) 8vo, 
Pinner’s Introduction to Organic Chemistry (Austen ) i 2 mo 

Poole’s Calorific Power of Fuels 8vo, 

Prescott and Winslow’s Elements of Water Bacteriology, with Special Refei- 
ence to Sanitary Water Analysis i 2 mo, 

^ Reisig’s Guide to Piece-dyeing 8vo, 

Richards and Woodman’s Air, Water, and Food from a Sanitary Standpoint 8vo , 
Ricketts and Russell’s Skeleton Notes upon Inorganic Chemistry (Part I 
Non-metallic Elements ) 8vo, morocco, 

8 VO, 
8 VO, 
8 VO, 
8 VO, 
8 VO, 

i 2 mo, 
8vo, 
i 2 mo, 

8 VO, 
8 VO, 

i 2 mo, 
i 2 mo, 

8 VO, 

. . 8vo, 
i6mo, morocco 
i6mo, morocco, 
8vo, 
8vo, 

8 VO, 

8vo, 
8vo, 

8 VO, 

i 2 mo, 
8vo, 

Small 8vo, cloth, 
. 8 VO, 


Ricketts and Miller’s Notes on Assaying 

Rideal’s Sewage and the Bacterial Purification of Sewage . 

Disinfection and the Preservation of Food , 

Riggs’s Elementary Manual for the Chemical Laboratory 
Robine and Lenglen’s Cyanide Industry, (Le Clerc ) 

Rostoski’s Serum Diagnosis (Bolduan ) 

Ruddiman’s Incompatibilities m Prescriptions 

* Whys in Pharmacy 

Sabin’s Industrial and Artistic Technology of Paints and Varnish 
Salkowski’s Physiological and Pathological Chemistry (Orndorff ) 
Schimpf’s Text-book of Volumetric Analysis . 

Essentials of Volumetric Analysis 
’i' Qualitative Chemical Analysis 
Smith’s Lecture Notes on Chemistry for Dental Students 
Spencer’s Handbook for Chemists of Beet-sugar Houses 
Handbook for Cane Sugar Manufacturers 
Stockbridge’s Rocks and Soils 

* Tillman’s Elementary Lessons in Heat 

* Descriptive General Chemistry 
Treadwell’s Quahtative Analysis (Hall ) . . . 

Quantitative Analysis (Hall ) 

Turneaure and Russell’s Pubhc Water-supplies 
Van Deventer’s Pl^ysical Chemistry for Beginners (Boltwood.) 

* Walke’s Lectures on Explosives 
Ware’s Beet-sugar Manufacture and Refining 
Washington’s Manual of the Chemical Analysis of Rocks 

5 


I so 

I 50 
6o 

4 oo 
1 25 
3 50 
1 oo 
1 oo 

1 oo 

2 50 
I so 
I oo 
3 oo 
7 50 

1 50 

5 oo 

2 oo 

2 OO 

1 50 

2 oo 

so 
5 oo 
I io 

3 oc 

1 25 
25 oo 

2 00 

75 
3 oo 

3 50 

4 oo 

I 25 

4 oo 

1 oo 

2 oc 

1 00 

3 oo 

2 50 
2 50 
I 25 

1 25 

2 50 
3 00 
3 00 
2 50 
I 50 

3 oo 
3 00 

4 00 

5 oo 

1 50 
4 oo 
4 oo 

2 00 



■Wassemann’s Immune Sera Hsemolysms, Cytotoxins, and Precipitins (Bol- 


duan ) 

i2mo, 

1 GO 

Weaver’s Military Explosives 

8vo, 

3 00 

Wehrenfennig’s Analysis and Softening of Boiler Feed-Water 

8 VO, 

a no 

Wells’s Laboratory Guide in Qualitative Chemical Analysis 

8vo, 

1 

Short Course in Inorganic Qualitative Chemical Analysis for Engmetnng 


Students 

i2mo, 

I 50 

Text-book of Chemical Arithmetic 

121110, 

I 25 

Whipple’s Microscopy of Drinking-water 

8 VO, 

3 SO 

Wilson’s Cyanide Processes 

limo. 

I 50 

Chlorination Process 

12 mo, 

X 50 

Winton’s Microscopy of "Vegetable Foods 

8vo, 

7 50 

Wulling’s Elementary Course in Inorganic, Pharmaceutical, 

and Medical 


Chemistry . , 

3:2mo, 

2 00 


CIVIL ENGINEERING 

BRIDGES AND ROOFS HYDRAULICS MATERIALS OF ENGINEERING. 
RAILWAY ENGINEERING 


Baker’s Engineers’ Surveying Instruments iznio, 

Bixby’s Graphical Computing fable Paper loi 24 Ir inches 

Burr’s Ancient and Modern Engineering and the Isthmian Cano fPostage, 
27 cents additional ) , , 8vo> 

Comstock’s Field Astronomy for Engineers 8vo, 

Davis’s Elevation and Stadia Tables i , , 8vo, 

Elhott’s Engineering for Land Drainage, i2mo. 

Practical Farm Drainage , 12:110, 

♦Fiebeger’s Treatise on Civil Engineering 8vo, 

riemer’s Phototopographic Methods and Instruments 8vo, 

EolwelTs Sewerage (Designing and Maintenance ) 8vo, 

Ereitag’s Architectural Engineering 2d Edition, Rewritten . . 8vo, 

Trench and Ives’s Stereotomy 8vo, 

Goodhue's Municipal Improvements 12 mo, 

Goodrich’s Economic Disposal of Towns* Refuse , , , . * , 8vo, 

Gore’s Elements of Geodesy . . 8vo, 

Hayford’s Text-book of Geodetic Astronomy . 8vo, 

Henng’s Ready Reference Tables (Conversion Factors') i6mo, morocco, 

Howe’s Retaining Walls tor Earth , i2rro, 

* Ives’s Adjustments of the Engineer’s Transit and Level . . , i 6 mo^ Bds 

Ives and Hilts’s Problems m Surveying i6mo, morocco, 

Johnson’s (J S') Theory and Practice of Surveying , Small 8vo, 

Johnson’s (L J ) Statics by Algebraic and Graphic Methods 8vo, 

Laplace’s Philosophical Essay on Probabilities. (Truscott and Emory ) 
Mahan’s Treatise on Civil Engineering. (1873,) (Wood.). . ,8vo, 

Descriptive Geometry, , . Svo, 

Memman’s Elements of Precise Surveying and Geodesy, . . 8vo, 

Memman and Brooks’s Handbook for Surveyors . * , i6mo, morocco, 

Hugent’s Plane Surveying , . 8vo, 

Ogden’s Sewer Design . . ... , lamo, 

Parsons’s Disposal of Municipal Refuse. . . 8vo, 

Patton’s Treatise on Civil Englhecring . . . 8vo half leather, 

Reed’s Topographical Drawing and Sketching . . 4to, 

Rideal’s Sewage and the Bacterial Purification of Sewage. , . , 8vo, 

Siebert and Biggin’s Modern Stone-cutting and Masonry. . . , 8to, 

Smith’s Manual of Typographical Drawing. (McMillan ). . , 8vo, 


..Soadericker’s Graphic Statics, with Applications to Trusses, Beams, and Arches. 

8vo, 


3 00 
-’5 

3 50 

2 *>o 
1 00 
I 50 

1 00 
5 00 
5 00 

3 00 
3 50 

2 50 

1 75 

3 50 

2 50 

3 00 
2 50 
I 25 

25 

1 50 

4 00 

2 00 
a 00 

5 00 

t SO 

2 50 

3 00 
3 50 
2 00 

2 00 
7 SO 
5 00 

3 50 
I SO 

3 50 
3 00 



Taylor and Thompson’s Treatise on Concrete, Plain and Reinforcea Svo, 

* Trautwine’s Civil Engineer’s Pocket-book i6mo, morocco, 

Venable’s Garbage Crematories in America Svo, 

Wait’s Engineering and Architectural Jurisprudence Svo, 

Sheep, 

Law of Operations Prehminary to Construction in Engineering and Archi- 
tecture Svo, 

Sheep, 

Law of Contracts Svo, 

Warren’s Stereotomy — Problems in Stone-cutting Svo, 

Webb’s Problems in the Use and Adjustment o* Engineering Instruments 

i6mo, morocco, 

Wilson’s Topographic Surveying Svo, 


5 oo 

5 oo 

2 oo 

6 CO 
6 50 

5 oo 
5 50 

3 oo 

2 so 

I 25 

3 50 


BRIDGES AHD ROOFS 

Boiler’s Practical Treatise on the Construction of Iron Highway Bridges Svo, 


* Thames River Bridge 4to, paper, 

Burr’s Course on the Stresses in Bridges and Roof Trusses, Arched Ribs, ard 
Suspension Bridges Svo, 

Burr and Falk’s Influence Lines for Bridge and Roof Computations Svo, 

Design and Construction of Metallic Bridges Svo 

Du Bois’s Mechanics of Engineering Vol II Cn-all4to, 

Foster’s Treatise on Wooden Trestle Bridges 4^o, 

Fowler’s Ordinary Foundations Svo, 

Greene’s Roof Trusses Svo, 

Bridge Trusses Svo, 

Arches in Wood, Iron, and Stone Svo, 

Howe’s Treatise on Arches Svo, 

Design of Simple Roof-trusses in Wood and Steel Svo, 

Symmetrical Masonry Arches Svo, 

Johnson, Bryan, and Turneaure’s Theory and Practice in the Designing of 
Modern Framed Structures Small 4to, 

Mernman and Jacoby’s Text-book on Roofs and Bridges 

Part I Stresses in Simple Trusses Svo, 

Part n Graphic Statics Svo, 

Part III Bridge Des'gn 8vo, 

Part IV Higher Structures Svo, 

Monson’s Memphis Bridge 4to, 


Waddell’s De Pontibus, a Pocket-book for Bridge Engineers i6mo, morocco, 
* Specifications for Steel Bridges i2mo, 

Wright’s Designing of Draw-spans. Two parts m one volume Svo, 


2 oo 
5 oo 

3 50 
3 00 
5 oo 

XO CO 

5 oo 

3 50 

1 25 

2 50 
2 50 

4 oo 
2 oo 
2 50 

lO OQ 

2 SO 
2 50 
2 50 
2 50 
lO OO 

2 OO 
50 

3 50 


HYDRAULICS 


Barnes’s Ice Formation 

Bazin’s Experiments upon the Contraction of the Liquid Vein Issuing from 
an Orifice (Trautwme ) Svo, 

Bovey’s Treatise on Hydraulics Svo, 

Church’s Mechanics of Engmeenng Svo, 

Diagrams of Mean Velocity of Water m Open Channels paper, 

Hydraulic Motors . 

Coffin’s Graphical Solution of Hydraulic Problems i6mo, morocco, 

Blather’s Dynamometers, and the Measurement of Power i2mo, 

Folwell’s Water-supply Engineering, Svo, 

Frizell’s Water-power • • ^^o, 


3 oo 

2 OO 

5 OO 

6 OO 

1 so 

2 OO 
2 

3 oo 

4 OO 

5 00 
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Fuertes’s Water and Public Health .. a*i2ino, l 50 

Water-filtration Works •* .izmo^ 2 so 

GanguiUet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels (Henng and Trautwme ) 8vo, 4 00 

Kazan’s Filtration of Public Water-supply 8vo, 3 00 

Hazlehurst^s Towers and Tanks for Water-works 8vo, 2 50 

Herschel’s 115 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, 2 00 

Mason’s Water-supply (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 00 

Mernman’s Treatise on Hydraulics 8vo, s 00 

^ Michie’s Elements of Analytical Mechanics 8vo, 4 00 

Schuyler’s Reservoirs for Irrigation, Water-power, and Domestic Water- 

supply Large Svo, 5 00 


Thomas and Watt’s Improvement of Rivers 

(Post , 44c additional ) 4to, 

6 

00 

Turneaure and Russell’s Public Water-supplies 


Svo, 

5 

00 

Wegmann’s Design and Construction of Dams . 


4to, 

5 

00 

Water-supply of the City of New York from 

1658 to 1895 

4to, 

10 

00 

Williams and Hazen’s HydrauUc Tables 


Svo, 

I 

SO 

Wilson’s Irrigation Engineering 


Small Svo, 

4 

00 

Wolff’s Windmill as a Prime Mover 


Svo, 

3 

00 

Wood’s Turbines 


Svo, 

2 

•SO 

Elements of Anal3h:ical Mechanics 


Svo, 

3 

00 


MATERIALS OF ENGIHEERIKG 


Baker’s Treatise on Masonry Construction , . Svo, 

“ Roads and Pavements . Svo, 

Black’s United States Pubhc Works , . Oblong 4to, 

* Bovey’s Strength of Materials and Theory of Structures . Svo, 

Burr’s Elasticity and Resistance of the Materials of Engineering Svo, 

Byrne’s Highway Construction . Svo, 

Inspection of the Materials and Workmanship Employed in Construction. 

i6mo, 

Church’s Mechanics of Engineering , . 

Du Bois’s Mechanics of Engineering Vol I. . 

’"Eckel’s Cements, Limes, and Plasters . ... 

Johnson’s Materials of Construction. . . . .... 

Fowler’s Ordinary Foundations 
Graves’s Forest Mensuration . 

* Greene's Structural Mechanics 

Keep's Cast Iron. , . , ..... 

Lanza’s Apphed Mechanics. 

Marten’s Handbook on Testing Materials. (Henning.) 2 vols *8vo, 

Maurer’s Technical Mechanics . . . .... 8vo, 

Memll’s Stones for Building and Decoration . 3vo 

Memman’s Mechanics of Materials . . 

Strength of Materials . . . i2mo 

Metcalf’s Steel A Manual for Steel-users. . , . .... . . lamo 

Patton’s Practical Treatise on Foundations. . , , 8vo^ 

Richardson’s Modern Asphalt Pavements , ^ 

Richey's Handbook for Superintendents of Construction . i6mo, mor., 

* Ries’s Clays: Their Occurrence, Properties, and Uses. . . . 8vo, 

Rockwell’s Roads and Pavements in France ... ....... lamo 

Sabin’s Industrial and Artistic Technology of Paints and Varnish... . Svo! 

Sputh’s Materials of Machines 

Hnow’s Principal Species of Wood . , , , 

8 


Svo, 
Small 4to, 
Svo, 
.Large 8vo, 
.Svo, 
Svo, 
Svo, 
. Svo, 
Svo, 


ramo. 


5 00 
S 00 

5 00 
7 50 
7 50 
5 00 

3 00 

6 00 

7 50 
6 00 

6 00 

3 50 

4 00 

2 SO 
a 50 

7 50 
7 50 

4 00 

5 00 
5 00 

1 00 

2 00 
5 00 

3 00 
4 00 
s 00 
I as 
3 00 
I 00 
3 50 



i2nio, 

i2mo, 

8 VO, 
8 VO, 

Svo, 

8 VO, 


Spalding’s Hydsasulic Cement . . * . , 

Text-book on Roads and Pavements 
Taylor and Thompson’s Treatise on Concrete. Plain and Reinforced 
Thurston’s Materials of Engineering 3 Parts 

Part I Non-metallic Materials of Engineering and Metallurgy 
Part II Iron and Steel 
Part III A Treatise on Brasses, Bronzes, and Other Alloys and their 
Constiti'ents gyo 

Thurston’s Text-book of the Materials of Construction , 8vo', 

Tihson’s Street Pavements and Paving Materials 8vo, 

Waddell’s De Pontibus (A Pocket-book for Bridge Engineers ) i6mo, mor , 
Specifications for Steel Bridges izmo, 

Wood’s (De V ) Treatise on the Resistance of Materials, and an Appendix on 
the Preservation of Timber 8vo, 

Wood’s (De V ) Elements of Analytical Mechanics 8vo, 

Wood’s (M P ) Rustless Coatings Corrosion and Electrolysis of Iron and 
Steel . 8vo, 


2 00 
2 00 
5 00 
8 00 

2 00 

3 50 


SO 

00 

00 

00 

25 


a DO 


4 DO 


RAILWAY ERGINEERITO. 


3x5 inches, morocco, 
4to, 

i6mo, morocco j 
i6mo, morocco, 
i6mo, morocco, 
8 VO, 

i6mo morccco. 
Paper, 


Andrew’s Handbook for Street Railway Engineers 
Berg’s Buildings and Structures of American Railroads 
Brook’s Handbook of Street Railroad Location 
Butt’s Civil Engineer’s Field-book 
Crandall’s Transition Curve 

Railway and Other Earthwork Tables, 

Dawson’s “Engineering” and Electric Traction Pocket-book 
Dredge’s History of the Pennsylvania Railroad (1879) 

* Drinker’s Tunnelhng, Explosive Compounds, and Rock Drills 4to, half mor 

Fisher’s Table of Cubic Yards Cardboard, 

Godwin’s Railroad Engineers’ Field-book and Explorers’ Guide i6mo, mor , 
Howard’s Transition Curve Field-book . i6mo, morocco, 

Hudson’s Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8vo, 

Mohtor and Beard’s Manual for Resident Engineers . i6mo, 

Nagle's Field Manual for Railroad Engineers i6mo, morocco. 

Philbrick’s Field Manual for Engineers . i6mo, morocco, 

Searles’s Field Engineering i6mo, morocco. 

Railroad Spiral i6mo, morocco, 

Taylor’s Prismoidal Formulae and Earthwork 8vo, 

* Trautwine’s Method ot Calculating the Cube Contents of Excavations and 

Embankments by the Aid of Diagrams 8vo, 

The Field Practice of Laying Out Circular Curves for Railroads 


Cross-section Sheet. 

Webb s Railroad Construction 

Economics of Railroad Construction 
Wellington’s Economic Theory of the Location of Railways 


25 
00 
50 
50 
so 

SO 
00 
00 
2S 00 
25 
2 50 
I 50 


00 

00 

00 

00 

00 

50 

50 


i2mo, morocco, 

2 50 

Paper, 

25 

i6mo, morocco. 

5 00 

Large i2mo. 

2 50 

Small 8vo 

5 00 


DRAWING. 


Barr’s Kinematics of Machinery 
* Bartlett’s Mechanical Drawing. 

a(( “ <* “ 

Coolidge’s Manual of Drawing . 


Abridged Ed 


8vo 

2 

SO 

8vo, 

3 

00 

8vo, 

I 

50 

8vo, paper, 

1 

00 


9 



CooUdge and Freeman’s Elements of Oeneral Drafting for Mechanical Engi- 


neVs . . Oblong 4to, 

Burley’s Kinematics of Machines , . 8vo, 

Emch’s Introduction to Projective Geometry and its Applications. 8vo, 

Hill’s Text-book on Shades and Shadows, and Perspective . . , 8vo, 

Jamison’s Elements of Mechanical Drawing . ... Svo, 

Advanced Mechanical Drawing , . , . , Svo, 

Jones’s Machine Design 

Part I Kinematics of Machinery . . 8vo, 

Part n Form, Strength, and Proportions of Parts . . 8vo> 

MacCord’s Elements of Descriptive Geometry , , Svo, 

Kinematics, or, Practical Mechanism , . Svo, 

Mechanical Drawing . 4to, 

Velocity Diagrams Svo, 

MacLeod’s Descriptive Geometry Small Svo, 

Mahan’s Descriptive Geometry and Stone-cutting Svo, 

Industrial Drawing (Thompson ) . Svo, 

Moyer’s Descriptive Geometry Svo, 

Reed’s Topographical Drawing and Sketching 4to, 

Reid’s Course m Mechanical Drawing . Svo, 

Text-book o^ Mechanical Drawing and Elementary Machine Design Svo, 
Robinson’s Principles of Mechanism Svo, 

Schwamb and Merrill’s Elements of Mechanism , Svo, 

Smith’s (R S ) Manual of Topographical Drawing (McMillan.) . Svo, 
Smith (A W ) and Marx’s l^achine Design Svo, 

* Titsworth’s Elements of Mechanical Drawing Oblong 8\ o, 

Warren’s Elements of Plane and Solid Free-hand Geometrical Drawing i2mo, 
Drafting Instruments and Operations . i2mo, 

Manual of Elementary Projection Drawing 12 mo, 

Manual of Elementary Problems in the Linear Perspective of Form and 
Shadow . . . . i2mo, 

Plane Problems in Elementary Geometry , . , , S2mo, 

Primary Geometry . ,i2mo, 

Elements of Descriptive Geometry, Shadows, and Perspective . . Svo, 
General Problems of Shades and Shadows Svo, 

Elements of Machine Construction and Drawing. . . Svo, 

Problems, Theorems, and Examples in Descriptive Geometry, . Svo, 

Weisbach’s Kinematics and Power of Transmission. (Hermann and 
Klein ) Svo, 

Whelpley’s Practical Instruction in the Art of Letter Engraving lamo, 

Wilson’s (H M ) Topographic Surveying . . Svo, 

Wilson’s (V T ) Free-hand Perspective . ... . Svo, 

Wilson’s (V T ) Free-hand Lettering . , ,8vo, 

Woolf’s Elementary Course in Descriptive Geometry Large Svo, 


2 so 

4 00 

1 ro 

2 00 
2 50 

2 00 

I 50 

3 00 

3 00 

5 00 

4 00 
1 50 

1 so 
X so 
3 50 

2 00 

5 00 
2 00 
3 00 
3 00 
3 00 

2 50 

3 00 
t 25 
I oo 
I 25 
I so 

r 00 

1 25 
75 

3 50 
3 00 
7 50 

2 50 

5 00 

2 00 

3 SO 

2 50 
X 00 

3 0 <J 


ELECTRICITY AND PHYSICS, 

Anthony and Brackett’s Text-hook of Physics. (Magie ) . Small Svo, 3 00 

Anthony’s Lecture-notes on the Theory of Electrical Measurements , lamo, i oo 
Benjamin’s History of Electricity . . Svq^ ^ 00 

Voltaic Cell . * Svo, 3 00 

Classen’s Quantitative Chemical Analysis by Electrolysis. (Boltwood.) Svo, 3 00 
*<* Cohms’s Manual of Wireless Telegraphy.. , . , i 50 

Morocco, a 00 

Crehore and Squier’s Polanzing Photo-chronograph, . Svo, 3 00 

Dawson’s ‘’Engineering” and Electric Traction Pocket-book, i6mo, morocco, $ 00 
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Dolezalek’s Theory of the Lead Accumtilator (Storage Battery) * (Von 
Ende ) . izmo, 

Duhem’s Thermodynamics and Chemistry (Burgess ) Svo, 

Blather’s Dynamometers, and the Measurement of Power . izmo, 

Gilbert’s De Magnate (Mottelay ) Svo, 

Hanchett’s Alternating Currents Explained izmo, 

Hermg’s Ready Reference Tables (Conversion Factors) i6mo, morocco, 

Holman’s Precision of Measurements Svo, 

Telescopic Mirror-scale Method, Adjustments, and Tests Large Svo, 
Kinzbrunner’s Testing of Continuous-current Machines Svo, 

Landauer’s Spectrum Analysis (Tingle ) Svo, 

Le Chatelier s High-temperature Measurements (Boudouard — Burgess ) izmo, 
Lob’s Electrochemistry of Organic Compounds (Lorenz ) Svo, 

* Lyons’s Treatise on Electromagnetic Phenomena Vols I and II Svo, each, 

* Michie’s Elements of Wave Motion Relating to Sound and Light . Svo, 
Niaudet’s Elementary Treatise on Electric Batteries (Fishback ) izmo, 

* Parshall and Hobart’s Electric Machine Design 4to, half morocco, 

* Rosenberg’s Electrical Engineering (Haldane Gee — Kinzbrunner ) Svo, 

Ryan, Norris, and Hoxie’s Electrical Machinery Vol I , Svo, 

Thurston’s Stationary Steam-engines Svo, 

* Tillman’s Elementary Lessons in Heat Svo, 

Tory and Pitcher’s Manual of Laboratory Physics . Small Svo, 

Ulke’s Modern Electrolytic Copper Refining . . . Svo, 


2 50 
4 Oo 
3 oo 
2 50 

1 oo 

2 50 
2 OO 

75 

2 OO 

3 oo 
3 oo 

3 oo 
6 oo 

4 oo 
2 50 

12 so 

1 so 

2 so 
2 so 

1 50 

2 oo 

3 oo 


LAW. 


* Davis’s Elements of Law. . . . . 8vo, 2 50 

* Treatise on the Mihtary Law of United States . Svo, 7 00 

* Sheep, 7 50 

Manual for Courts-martial i6mo, morocco, i 50 

Wait’s Engineering and Architectural Jurisprudence . . . Svo, 6 00 

' Sheep, 6 50 

Law of Operations Prehminary to Construction in Engineering and Archi- 
tecture . - 5 00 

Sheep, 5 50 

Law of Contracts • Svo, 3 00 

Winthrop’s Abridgment of Military Law izmo, 2 50 


MANUFACTURES 

Bernadou’s Smokeless Powder— Nltro-ceUuiosc and Theory of the Cellulose 


Molecule . • i2mo, 2 50 

BoUand’s Iron Founder. . izmo, 2 so 

The Iron Founder,” Supplement izmo, 2 50 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 

Practice of Moulding. izmo, 3 00 

Claassen’s Beet-sugar Manufacture (Hall and Rolfe ) . Svo, 3 00 

*1* Eckel’s Cements, Limes, and Plasters - .... Svo, 6 00 

Eibsler’s Modern High Explosives . 8vo, 4 00 

Effront’s Enzymes and their Applications. (Prescott ) ... Svo, 3 00 

Fitzgerald’s Boston Machinist . . . . izmo, i 00 

Ford’s Boiler Making for Boiler Makers , . . . iSmo, i 00 

Hopkin’s Oil-chemists’ Handbook . . • • * • 8vo, 3 00 

Keep’s Cast Iron, • ^ SO 
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Leach’s The Inspection and Analysis of Food with Special Reference to State 
Control , Large 8 vo, 

* McKay and Larsen’s Principles and Practice of Butter-making 8 vo» 

Matthews’s The Textile Fibres 8 vo, 

Metcalf’s Steel A Manual for Steel-users 12 mo, 

Metcalfe’s Cost of Manufactures — And the Administration of Workshops 8 vo, 
Meyer’s Modern Locomotive Construction : 

Morse’s Calculations used in Cane-sugar Factories idmo, morocco, 

* Reisig’s Guide to Piece-dyeing 8 vo, ; 

Rice’s Concrete-block Manufacture . 8 vo, 

Sabin’s Industrial and Artistic Technology of Paints and Varnish, 8 vo, 

Smith’s Press-working of Metals . . , , 8 vo, 

Spalding’s Hydraulic Cement 3:21110, 

Spencer’s Handbook for Chemists of Beet-sugar Houses . i 6 mo, morocco, 

Handbook for Cane Sugar Manufacturers tdmo, morocco, 

Taylor and Thompson’s Treatise on Concrete, Plain and Reinforced . . Svo^ 
Thurston’s Manual of Steam-boilers, their Designs, Construction and Opera- 
tion . , . , 8 vo, 

* Walke’s Lectures on Explosives 8 vo, 

Ware’s Beet-sugar Manufacture and Refining , Small Svo, 

Weaver’s Military Explosives Svo, 

West’s American Foundry Practice i2mo, 

Moulder’s Text-hook 12 mo, 

Wolff’s Windmill as a Prime Mover 8 vo, 

Wood’s Rustless Coatings Corrosion and Electrolysis of Iron and Steel Svo, 


MATHEMATICS 

Baker’s Elliptic Functions . . . , 

* Bass’s Elements of Differential Calculus 
Briggs’s Elements of Plane Analytic Geometry 
Compton’s Manual of Logarithmic Computations 
Davis’s Introduction to the Logic of Algebra. . . 

* Dickson’s College Algebra 

* Introduction to the Theory of Algebraic Equations , 


. . . i2mo, 

Svo, 
Large 12 mo, 
Large 12 mo, 


, 

Emch’s Introduction to Projective Geometry and its Applications. . Svo, 
Halsted’s Elements of Geometry .... .Svo, 

Elementary Synthetic Geometry . , , . gvo^ 

Rational Geometry . . . ramo 

* Johnson’s (J B ) Three-place Logarithmic Tables. Vest-pocket size paper] 

100 copies for 

* Mounted on heavy cardboard, 8 X to inches, 

to copies for 

Johnson’s (W W ) Elementary Treatise on Differential Calculus Small 8 y 0 , 
Elementary Treatise on the Integral Calculus . , . Small Svo, 

Johnson’s (W. W.) Curve Tracing in Cartesian Co-ordinates.. izmo, 

Johnson’s (W W,) Treatise 0^ Ordinary and Partial Differential Equations, 

Small Svo, 

Johnson’s (W. W.) Theory of Errors and the Method of Least Squares tamo, 

* Johnson’s (W W ) Theoretical Mechanics. ... , tamo 

Laplace’s Philosophical Essay on Probabilities. (Truscott and Emory.) tamo, 

Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

• • - ..... ...Svo, 

Trigonometry and Tables published separately . , ... , . , , Each, 

* Ludlow’s Logarithmic and Tngonometne Tables. ... . . * Svo! 
Manning s Irrational Numbers and their Representation by Sequences and Series 
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Mathematical Monographs Edited by Mansfield Merriman and Robert 

S Woodward Octavo, each i oo 

No I History of Modern Mathematics, by David Eugene Smith 
No 2 Synthetic Projective Geometry, by George Bruce Halsted 
No. 3 Determinants, by Laenas Gifford Weld Fo 4 Hyper- 
bolic Functions, by James McMahon No 5 Harmonic Func- 
tions, by William E Byerly No. 6 Grassmann’s Space Analysis, 
by Edward W. Hyde No 7 Probability and Theory of Errors, 
by Robert S Woodward No 8 Vector Analysis and Quaternions, 
by Alexander Macfarlane No 9 Differential Equations, by 
Wilham Woolsey Johnson No 10 The Solution of Equations, 
by Mansfield Merriman No xi Functions of a Complex Variable, 
by Thomas S Fiske 

Maurer's Technical Mechanics , 8vo, 4 00 

Merriman*s Method of Least Squares 8vo, 2 00 

Rice and Johnson’s Elementary Treatise on the Differential Calculus Sm 8vo, 3 00 
Differential and Integral Calculus 2 vols in one Gmail 8vo, 2 50 

Wood’s Elements of Co-ordinate Geometry 8vo, 2 00 

Trigonometry Analytical, Plane, and Spherical i2mo, i 00 


MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS 


Bacon’s Forge Practice . . i2mo, 

Baldwin’s Steam Heating for Buildings 12 mo, 

Barr’s Kinematics of Machinery S\o, 

^ Bartlett’s Mechanical Drawing Svo, 

‘ Abridged Ed 8vo, 

Benjamin’s Wrinkles and Recipes i2mo, 

Carpenter’s Experimental Engineering Svo, 

Heating and Ventilating Buildings 8vo, 

Cary’s Smoke Suppression m Plants using Bituminous Coal (In Prepara- 
tion ) 

Clerk’s Gas and Oil Engine Small 8vo, 

Coohdge’s Manual of Drawing 8vo, paper, 

Coohdge and Freeman’s Elements of General Drafting for Mechamcal En- 
gineers Oblong 4to, 

Cromwell’s Treatise on Toothed Gearing i2mo. 

Treatise on Belts and Pulleys i2mo, 

Durley’s Kinematics of Machines Svo, 

Flather’s Dynamometers and the Measurement of Power i2mo, 

Rope Driving , 12 mo. 

Gill’s Gas and Fuel Analysis for Engineers i2mo, 

Hall’s Car Lubrication . i2mo, 

Bering’s Ready Reference Tables (Conversion Factors) i6mo, morocco, 

Hutton’s The Gas Engine. . • • 

Jamison’s Mechanical Drawing . 8vo, 

Jones’s Machine Design 

Part I Kinematics of Machinery 8vo, 

Part II Form, Strength, and Proportions of Parts . 8vo, 

Kent’s Mechanical Engineers’ Pocket-book , . i6mo, morocco, 

Kerr’s Power and Power Transmission . 8vo, 

Leonard’s Machine Shop, Tools, and Methods . 8vo, 


^ Lorenz’s Modern Refrigerating Machinery (Pope, Haven, and Dean ) 8vo, 
MacCord’s Kinematics; or Practical Mechamsm ^ 8vo, 

Mechamcal Drawing. ... • • 4to. 

Velocity Diagrams. • • 


1 50 

2 so 

2 so 

3 00 

1 50 

2 00 
6 00 

4 00 


4 00 
X 00 

2 50 
I SO 

1 50 

4 00 

3 00 

2 00 
I 25 

1 00 

2 so 

5 00 

2 50 

1 so 

3 00 
S 00 

2 00 

4 00 

4 00 

5 00 
4 00 
I 50 


13 



MacJFarland’s Standard Reduction Factors for Gases. . . 8vo, 

Mahan^s Industrial Drawing (Thompson ) . 8vo, 

Poole’s Calorific Power of Fuels . . . Bvo, 

Reid’s Course in Mechanical Drawing . . . 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design 8vo, 
Richard’s Compressed Air , . ismo, 

Robinson’s Principles of Mechanism . 8vo, 

Schwamb and MerriU’s Elements of Mechanism , 8vo, 

Smith’s (0 ) Press-working of Metals 8vo, 

Smith (A W ) and Marx’s Machine Design Svo, 

Thurston’s Treatise on Friction and Lost Work in Machinery and Mill 
Work 8vo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics i2mo, 
Warren’s Elements of Machine Construction and Drawing 8vo, 

Weisbach’s Kinematics and the Power of Transmission (Herrmann — 
Klein ) . 8vo, 

Machinery of Transmission and Governors (Helrmann — Klein ) 8vo, 

Wolff’s Windmill as a Prime Mover , 8vo, 

Wood’s Turbines . . 8vo, 


1 50 
3 50 
3 00 

2 00 
3 00 
I 50 
3 00 
3 00 
3 00 
3 00 

3 00 

1 oo 

7 

5 00 
5 00 
3 00 

2 50 


MATERIALS OF 

ENGINEERING. 



* Bovey’s Strength of Materials and Theory of Structures 

8 VO, 

7 50 

Burr’s Elasticity and Resistance of the Materials of Engineering 

6th Edition 


Reset 


8vo, 

7 so 

Church’s Mechanics of Engineering , 


8 VO, 

6 00 

* Greene's Structural Mechanics . 


8vo, 

2 50 

Johnson’s Materials of Construction , . 


8 VO, 

6 00 

Keep’s Cast Iron 


8 VO, 

2 50 

Lanza’s Applied Mechanics 


8vo, 

7 50 

Martens ’s Handbook on Testing Materials 

(Henning ) 

8 VO, 

7 50 

Maurer’s Technical Mechanics 


8 VO, 

4 00 

Mernman’s Mechanics 0^ Materials 


, 8vo, 

S 00 

Strength of Material. 


izmo, 

I 00 

Metcalf’s Steel A man* a lor Steel-users 


lamo, 

2 00 


Sabin’s Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Smith’s Materials of Machines . . . , tamo, i 00 

Thurston’s Materials of Engineering. . . . . 3 vols , 8vo, 8 00 

Part II. Iron and Steel . gvo, 3 50 

Part III A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents. . , . . 8vo, a 50 

Text-book of the Materials of Construction. . . . . , gvo, 5 00 

Wood’s (De V ) Treatise on the Resistance of Materials and an Appendix on 

the Preservation of Timber. . , .... .. ... . . ,8vo, 200 

Elements of Analytical Mechanics. 3 00 

Wood’s (M P ) Rustless Coatings* Corrosion and ElectThlysIs of Iron and 

* *. * . . » .... 8vo, 4 00 


STEAM-EFGIHES AND BOILERS. 


Berry’s Temperature-entropy Diagram , , . . , , , 

Carnot^s Reflections on the Motive Power of Heat (Thurston ). 
Dawson’s “Engineering” and Electric Traction Pocket-book. . . 
Ford’s Boiler Making for Boiler Makers. 

Goss’s Locomotive Sparks. 

Hemenway*s Indicator Practice and Steam-engine Economy, . 

14 


. . i2mo» 

. ixmo, 
i6mo mor., 
. . itoo, 
, . , . Rvo, 

. . . rxm©. 


t as 
I 50 
5 

t m 
a 00 
a 00 



Hutton^s Mechanical Engineering of Power Plants. Svo, 

Heat and Heat-engines Svo 

Kent’s Steam boiler Economy Svo, 

Kneass’s Practice and Theory of the Injector Svo, 

MacCord’s Slide-valves Svo, 

Mejrer’s Modern Locomotive Construction 4to, 

Peabody’s Manual of the Steam-engine Indicator famo 

Tables of the Properties of Saturated Steam and Other Vapors Svo, 
Thermodynamics of the Steam-engine and Other Heat-engines Svo, 
Valve-gears for Steam-engines Svo, 

Peabody and Miller’s Steam-boilers Svo, 

Pray’s Twenty Years with the Indicator Large Svo 

Pupin’s Thermodynamics of Reversible Cycles in Gases and Saturated Vapors 
(Osterberg ) i2mo, 

Reagan’s Locomotives Simple Compound, and Electric i2mo, 

Rontgen’s Principles of Thermodynamics (Pu Bois ) . Svo, 

Sinclair’s Locomotive Engine Running and Management 12 mo. 

Smart’s Handbook of Engineering Laboratory Practice i2mo, 

Snow’s Steam-boiler Practice Svo, 

Spangler’s Valve-gears Svo, 

Notes on Thermodynamics . i2mo, 

Spangler, Greene, and Marshall’s Elements of Steam-engineenng Svo, 

Thomas’s Steam-turbines Svo, 

Thurston’s Handy Tables 8vo, 

Manual of the Steam-engine 2 vols , Svo, 

Part I History, Structure, and Theory Svo, 

Part II Design, Construction, and Operation Svo, 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 
the Prony Brake 8vo, 

Stationary Steam-engines . 8vo, 

Steam-boiler Explosions in Theory and in Practice i2mo, 

Manual of Steam-boilers, their Designs, Construction, and Operation Svo, 


Webrenfenning’s Analysis and Softening of Boiler Feed-water (Patterson) Svo, 
Weisbach’s Heat, Steam, and Steam-engines (Du Bois ) Svo, 

Whitham’s Steam-engine Design, 8vo, 

Wood’s Thermodynamics, Heat Motors, and Refrigerating Machines Svo, 


5 00 
5 00 

4 00 

1 50 

2 00 
10 00 

I so 

1 00 

5 00 

2 50 

4 00 
2 50 

1 25 

2 50 

5 0® 
2 00 

2 so 

3 00 

2 so 
I 00 

3 00 

3 50 

1 SO 

10 00 

6 00 
6 00 

5 00 

2 50 
I 50 
5 00 

4 00 

5 00 
S 00 
4 oO 


MECHANICS AND MACHINERY. 


Barr’s Kinematics of Machinery 8vo, 

* Bovey’s Strength of Materials and Theory of Structures . Svo, 

Chase’s The Art of Pattern-making . , i2mo. 

Church’s Mechanics of Engineering . . 8vo, 

Notes and Examples in Mechanics. . 8vo, 

Compton’s First Lessons m Metal-working . . . lamo, 

Compton and De Groodt’s The Speed Lathe i2mo, 

Cromwell’s Treatise on Toothed Gearing i2mo. 

Treatise on Belts and Pulleys i2mo, 

Dana’s Text-book of Elementary Mechanics for Colleges and Schools i2mo. 
Dingey’s Machinery Pattern Making i2mo, 

Dredge’s Record of the Transportation Exhibits Building of the World’s 
Columbian Exposition of 1893 . 4to half morocco, 

u Bois’s Elementary Principles of Mechanics 

Vol L Kinematics . • 8vo, 

VoL 11. Statics . • 

Mechanics of Engineering Vol I . Small 4to, 

VoL II SmaE 4to, 

Dtirley’s Kinematics of Machines. . . • Svo, 


2 50 
7 50 
2 50 

6 OO 
2 OO 

I 50 
I 50 
I 50 
I 50 

1 50 

2 00 

5 00 

3 50 

4 00 
7 50 

10 00 
4 00 
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i6mo, 

1 00 

1 2 mo, 

3 00 

121110, 

2 00 

Svo, 

2 00 

Svo, 

2 50 

1 2 mo, 

I 00 

iSmo, 

7 S 

1 Svo, 

2 00 

i2mo, 

3 0(J( 

Svo, 

2 00 

Svo, 

1 50 

Svo, 

? 00 

Svo, 

2 00 

Svo, 

7 SO 

Svo, 

4 00 

) Svo, 

4 00 

Svo, 

5 00 

Svo, 

I so 


- 

f ftw w wuM tjHws^wBl MiriKafc*. 

K >«wrt«Mi««^ 

% 4lt 0 Hkw fillip* < « • • 

A l^lnt aii 4 tha Eatioiml Mechanics of a Particle 

Sma 

* CW* W4 1!%«orttleiil M«oh&nics. , . . 

Mim»% Ct. i«Atl4i hf OrajJhic and Algebraic Methods 

1^ !» JCInamatk* of HacMnery. 

fbrm, Stmigth» and Proportions of Parts 
MmfB «is 4 P^wr fyansmission. . 

AfpUad Mechanics 

l^isafifl^i Machlna Shop, Tools, and Methods 

• |,#jraat*i Modewna Refrigerating Machinery (Pope, Haven, and Dean ^ 
cinematics I or. Practical Mechanism 
Yeloeky Diagrams . . . 

A Martin’s Text Book on Mechanics, Vol I, Statics i2mo, 

Maurer’s Technical Mechanics 8vo, 

Marrlman’s Mechanics of Materials 8vo, 

a Elements of Mechanics lamo, 

a MIchie’s Elements of Analytical Mechanics 8vo, 

a Parshah and Hobart’s Electric Machine Design 4to, half morocco, 1 2 50 

Jteagan’s Locomotives Simple, Compound, and Electric . ismo, 2 50 

Eeld’s Course in Mechanical Drawing Svo, 

Text-book of Mechanical Drawing and Elementary Machine Design Svo, 
Richards’s Compressed Air. 

Robinson’s Principles of Mechanism 
Ryan, Norris, and Hoxie’s Electrical Machinery Vol I. 

Sanborn’s Mechanics : Problems 
Schwamb and Merrill’s Elements of Mechanism 
Sinclair’s Locomotive-engine Running and Management , 

Smith’s (O ) Press-working of Metals . 

Smith’s (A. W ) Materials of Machines 
Smith <A. W.) and Marx’s Machine Design . 

Spangler, Greene, and Marshall’s Elements of Steam-engineermg, 

Thurston’s Treatise on Friction and Lost Work in Machinery and Mill 
Work . , . , , 8vo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics. 1 amo, 
^V'arren’s Elements of Machine Construction and Drawing. . ,8vo, 

Weisbach’s Kinematics and Power of Transmission (Herrmann — Klein ) Svo, 
Machinery of Transmission and Governors. (Herrmann— K%in.) Svo, 

Wood’s Aments of Analytical Mechanics Svo^ 

Principles of Elementary Mechanics i2mo! 

Turbines Svo, 

The World’s Columbian Exposition of i8p3 . . .... * . . 4to, 


I 25 

4 00 

5 00 
I 00 
4 00 


i2mo, 
Svo, 
, Svo, 
Large 12 mo, 
Svo, 

. ,i2mo, 
Svo, 
i2mo, 
Svo, 
Svo, 


2 00 

3 00 

1 «50 

3 00 

2 50 
r 50 

3 00 

2 00 

3 00 
1 00 
3 CO 
3 00 


00 

00 

SO 

00 

00 

00 

3 S 

50 

00 


METALLURGY. 


Egleston’s Metallurgy of Silver, Gold, and Mercury 
Vol I Silver 

VoL II Gold and Mercury. , , . , 

Goesel’s Minerals and Metals a Reference Book , . 

** Iles’s Lead-smelting (Postage 9 cents additional ). . ... , , 
Keep’s Cast Iron. ... 


.... Svo, 
. , Svo, 
i6mo, mor. 
. . lamo, 

...... .Svo, 


7 50 
7 SO 
3 00 
3 so 
a 50 
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Kunhardt’s Practice of Ore Dressing in Europe 

Le Chatelier’s High-temperature Measurements (Boudouard — Burges 

Metcalf’s Steel A Manual for Steel-users 

Miller’s Cyanide Process 

Minet's Production of Aluminum and its Industrial Use (Waldo ) 
Robine and Lenglen’s Cyanide Industry (Le Clerc ) 

Smith’s Materials of Machines 

Thurston’s Materials of Engineering In Three Parts 
Part II Iron and Steel 

Part III A Treatise on Brasses, Bronzes, and Other Alloys £ 
Constituents 

Ulke’s Modern Electrolytic Copper Refining 


00 

I 

50 

iizmo. 

3 

00 

izmo, 

2 

oo 

izmo. 

I 

oo 

izmo. 

2 

50 

Svo, 

4 

oo 

izmo, 

I 

oo 

Svo, 

8 

oo 

Svo, 

3 

50 

1 their 



Svo, 

2 

50 

Svo, 

3 

00 


MIITERALOGY. 

Barringer’s Description of Minerals of Commercial Value Oblong, morocco, 


Boyd’s Resources of Southwest Virginia 8vo, 

Map of Southwest Virignia Pocket-book form 

Brush’s Manual of Determinative Mineralogy (Penfield ) 8vo, 

Chester’s Catalogue of Minerals 8-vo, paper. 

Cloth, 

Dictionary ot the Names of Minerals , 8vo 

Dana’s System of Mineralogy Large 8vo, half leather 

First Appendix to Dana’s New “ System of Mineralogy ” Large 8vo, 
Text-book of Mineralogy ^ 8vo, 

Minerals and How to Study Them izmo, 

Catalogue of American Localities of Minerals Large 8vo, 

Manual of Mineralogy and Petrography . izmo 

Douglas’s Untechnical Addresses on Technical Subjects izmo, 

Eakle’s Mineral Tables 8vo, 

Egleston’s Catalogue of Minerals and Synonyms 8vo, 

Goesehs Minerals and Metals A Reference Book i6mo, mor 

Groth’s Introduction to Chemical Crystallography (Marshall) izmo, 

Hussak’s The Determination of Rock-forming Minerals (Smith ) Small 8vo, 
Merrill’s Non-metallic Minerals Their Occurrence and Uses 8vo, 

Penfield’s Notes on Determinative Mineralogy and Record of Mineral Tests 

8vo, paper, 

Rosenbusch’s Microscopical Physiography of the Rock-making Minerals 
(Iddings ) . 8vo, 

Tillman’s Text-book of Important Minerals and Rocks 8vo, 


2 

3 
z 

4 

I 

I 

3 
12 

I 

4 

I 

1 

2 
I 

1 

2 

3 

1 

2 

4 


5 

2 


50 

oo 

oo 

oo 

oo 

25 

so 

50 

00 

oo 

50 

00 

oo 

00 

25 

50 

00 

25 

oo 

00 

50 

oo 

oo 


MINING, 


Beard’s Ventilation of Mines . ...» . izmo, 

Boyd’s Resources of Southwest Virginia . 8vo, 

Map of Southwest Virginia , . Pocket-book form 

Douglas’s Untechnical Addresses on Technical Subjects izmo, 

*** Drinker’s Tunneling, Explosive Compounds, and Rock Drills 4to,hf mor , 
Eissler’s Modern High Explosives c ^ 

Goesel’s Minerals and Metals A Reference Book i6mo, mor. 

Goodyear’s Coal-mines of the Western Coast of the United States izmo, 
Ihlseng’s Manual of Mining. Svo, 

** Iles’s Lead-smeltmg. (Postage pc additional ).. . . izmo, 

Kunhardt’s Practice of Ore Dressing in Europe. . . Svo, 

Miller’s Cyamde Process. ... . izmo, 


2 

3 
2 

1 
25 

4 
3 

2 

5 
2 
I 
I 


50 

oo 

00 

00 

oc 

r 

oo 

50 

OO 

50 

50 

00 
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O’Bnscoll’s Notes on the Treatment of Gold Ores . 

Eobine and Lenglen’s Cyanide Industry (Le Clerc 1 , 

* Walke's Lectures on Fxplosives 
Weaver’s Military Explosives 
Wilson’s Cyanide Processes 

Chlorination Process , , . 

Hydraulic and Placer Mining 

Treatise on Practical and Theoretical Mine Ventilation . . 


Svo, 2 00 
8vo, 4 00 
8vo, j oo 
8vo, 3 oo 
121110 I 50 
i2mo, I 50 
121110 , 2 00 
121110, I 25 


SANITARY SCIENCE. 


Bashore’s Samtation of a Country House . .i2mo, 

* Outlines of Practical Sanitation . i2mo, 

Folwell’s Sewerage (Designing, Construction, and Maintenance > . . 8\o, 

Water-supply Engineering 8vo, 

Fowler’s Sewage Works Analyses ... . . lamo, 

Fuertes’s Water and Public Health . . j 21110, 

Water-filtration Works . i2mo, 

Gerhard's Guide to Sanitary House-inspection r 61110, 

Goodrich’s Economic Disposal of Town’s Refuse Demy 8vo, 

Hazen’s Filtration of Public Water-supplies 8vo, 

Leach’s The Inspection and Analysis of Food with vSpecial Reference to State 
Control 8 VO, 

Mason’s Water-supply ( Considered principally from a Sanitary Standpoint 1 8vo, 
Examination of Water (Chemical and Bacteriological ) i2mo, 

Ogden’s Sewer Design i2mo, 

Prescott and Winslow’s Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12 mo, 

* Price’s Handbook on Sanitation .. . i2ino, 

Richards’s Cost of Food A Study in Dietaries . i2mo, 

CosUof Living as Modified by Sanitary Science .. i2mo. 

Cost of Shelter , 12 mo, 

Richards and Woodman’s Air Water, and Food from a Sanitary Stand- 
point 8vo, 

* Richards and Williams’s The Dietary Computer . . .8vo, 

Rideal’s Sewage and Bacterial Purification of Sewage ... . 8vo, 

Turneaure and Russell’s Public Water-supplies . .... 8vo, 

Von Behring’s Suppression of Tuberculosis (Bolduan.) . . ... lamo, 

Whipple’s Microscopy of Drinking-water. , ... 8vo, 

Winton’s Microscopy of Vegetable Foodst . , , , . , 8vo, 

WoodhuU’s Notes on Military Hygiene , , . ... i6mo, 

^ Personal Hygiene. . . . .... lamo, 


1 00 

1 IS 
3 oi, 
} 00 

2 00 
1 

2 

I 00 

3 

3 uo 

7 SO 

4 00 
I 25 
a 00 

i 25 
1 50 
I 00 

I oc 

1 oo 

2 00 

I 50 

3 50 
s CO 
t 00 
3 50 
7 SO 
t 5-1 
z 00 


MISCELLANEOUS, ^ 

De Fursac’s BJanual of Psychiatry, (Rosanofi and Collins ) , .Large xamo, 3 50 
Ehrlich’s Collected Studies on Immunity (Bolduan) 8vo, 6 00 

Emmons’s Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists . .targe Svo, 1 50 

Ferrel’s Popular Treatise on the Winds , ... , . ..... 8vo 4 00 

Haines’s American Railway Management , . ............ , . xatno, » so 

Mott’s Fallacy of the Present Theory of Sound . t6mo> ? m 

Ricketts’s History of Rensselaer Polytechnic Institute, 1824*1804 . Small 8vo, 3 oO' 
Rostoski’s Serum Diagnosis. (Bolduan,)..^ .. xamo r 00 

Rotherham’s Emphasized New Tostanaeot . Large 8vo» 2 00 

IS 



Steel’s Treatise on the Diseases of the Dog 8 vo>, 3 50 

The World’s Columbian Exposition of 1893 , . 4to, 1 00 

Von Behring’s Suppression of Tuberculoses (Bolduan ) s i2mo, 1 00 

Winslow’s Elements of AppUed Microscopy i2mo, i 50 

Worcester and Atkinson Small Hospitals, Estabhshment and Maintenance, 

Suggestions for Hospital Architecture Plans for Small Hospital i2mo, i 25 


HEBREW AND CHALDEE TEXT-BOOKS. 

Green’s Elementary Hebrew Grammar ^ . i2mo, 1 25 

Hebrew Chrestomathy 8vo, 2 00 

Gesenius’s Hebrew and Chaldee Lexicon to the Old Testament Scriptures 

(Tregelles ) . Small 4to, half morocco, 5 00 

Letteris’s Hebrew Bible 8vo, 2 25 
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